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EXECUTIVE SUMMARY

Weston Solutions, Inc. (WESTON®), the Superfund Technical Assessment and Response Team
(START) contractor, was tasked by the U.S. Environmental Protection Agency (EPA) Region 6
under contract EP-S5-17-02, Technical Direction Document (TDD) No. 0001/17-045 to conduct
activities associated with a Removal Site Evaluation (RSE) and an Engineering Evaluation/Cost
Analysis (EE/CA) at the Tronox Settlement Navajo Area Uranium Mines (NAUM), Sections 32
and 33 Mines site (the Site), located in McKinley County, New Mexico (Figure 1-1). The
performance period for this TDD is currently scheduled to end on 14 August 2020. The purpose
of this EE/CA is to present the available data collected relative to the Site, describe the Removal
Action Objectives (RAOs), describe the removal alternatives available to address contamination

at the Site to meet the RAOs, and provide an analysis of the alternatives.

Background and Site Description

In November 2014, the U.S. District Court for the Southern District of New York approved a
settlement agreement to resolve fraudulent conveyance claims against Kerr-McGee Corporation
and related subsidiaries of Anadarko Petroleum Corporation. Among other provisions, the
settlement provides EPA funding for the assessment and clean-up of over 54 Tronox NAUM sites
located in EPA Region 6 and EPA Region 9 jurisdictional areas. The 22 mines in the EPA Region 6
jurisdiction area are located within the Ambrosia Lake Sub-District (ALSD). Of these 22 EPA
Region 6 mines within the ALSD, only 12 mining surface operational areas are present because
several of the eligible mines were operated through a common geographically central main shaft.
All of these mining surface operational areas have undergone some form of closure actions and
removal of surface features. Some of these mines were operated as “wet mines,” in which the
underground workings were dewatered to allow mining activities and the collected mine water was
discharged to nearby surface drainage features such as creeks and arroyos. Little environmental
data existed on the Tronox NAUM Area mines in general, nor was there data regarding risks to
public health, the environment, and/or any threat abatement actions that may be necessary.

The Region 6 Tronox NAUM Area comprises approximately 100 square miles within the center
of ALSD in McKinley County, New Mexico. The ALSD is located within the Grants Mining
District (GMD), an area of uranium mineralization occurrence approximately 100 miles long and
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25 miles wide that encompasses portions of McKinley, Cibola, Sandoval, and Bernalillo counties

in the northwest part of New Mexico.

The Sections 32 and 33 Mines Site is located in the ALSD approximately 9 miles north of Prewitt,
McKinley County, New Mexico (Figure 1-2). The Site area is shown on the Thoreau NE
quadrangle United States Geological Survey (USGS) Topographical Map. The Site comprises two
former underground uranium mines that are located in Sections 32 and 33, Township 15 North,
and Range 11 West (T15N, R11W) of the New Mexico Principal Baseline and Meridian. The
Sections 32 and 33 Mines Site also includes related surface areas in Sections 32 and 33 impacted
by contamination from associated mining operations The Sections 32 and 33 mines were
developed and operated by Kerr McGee from 1960 through 1969. The mines were “dry mines”
(i.e. above the water table) and did not require water to be pumped out. The current owner of the

mine is reported to be Cobb Nuclear Company.

In June and July 2012, EPA Region 9 conducted a Removal Assessment of the Site. EPA
delineated contamination near the waste piles in Sections 32 and 33, the shaft at the border of
Section 32 and Section 33, and a “transfer area” in Section 32. In October and November 2012,
EPA Region 9 conducted a Time Critical Removal Action at the Site. EPA was denied access to
Section 33 by the property owner, so all removal activities took place in Section 32. EPA
excavated contaminated soils from the mine area and the transfer area in Section 32. During
excavation, EPA discovered two additional mine shafts. The three mine shafts were sealed and
covered over with fill material. Soil removed from the excavated areas was placed in an interim

stockpile located in Section 32.

Section 32 is allotment land part of the Navajo Nation. Several residences are located on Section
32, with the nearest residence located approximately 2,000 feet from the former mine site. Section
33 is privately owned and is used for livestock grazing.
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Temporary Repository at Sections 32 and 33 Mines Site

Nature and Extent of Contamination

The nature and extent of the contamination was defined through surface gamma scans and
subsurface soil sample collection. Based on the results of the risk assessment, the contaminant of
concern (COC) for the Site is radium-226 (Ra-226). Ra-226 is typically selected as the
radionuclide of interest at uranium mine sites because: (a) it is found to be a significant contributor
of radiological risk to human health; (b) its decay products emit strong gamma radiation that is
easy and cost-effective to measure; (c) a cleanup standard is provided in the State of New Mexico’s
Joint Guidance for the Cleanup and Reclamation of Existing Uranium Mining Operations in New
Mexico (NMEMNRD et al, March 2016); and (d) Ra-226 is the radionuclide for which historical

cleanup limits have been specified.

The total surface footprint exceeding the action level of 3.0 picocuries per gram (pCi/g) of Ra-226
(4.0 pCi/g of Ra-226 for Section 33 Naturally Occurring Radioactive Material [NORM] area) was
established to be 18.8 acres, to be excavated to a depth of 2 feet. The total volume of soil exceeding
the action level was determined to be 108,776 cubic yards (CY) including material in the interim
stockpile (Table ES-1).
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Table ES-1
Removal Volume Estimates
Tronox Navajo Area Uranium Mines,
Sections 32 and 33 Mines Site
McKinley County, New Mexico

Zone Surface Area Volume

Square Cubic

Feet Acres Yards

2 ft. Depth 817,455 18.8 60,552
Stockpile Footprint 121,840 2.8 48,224
TOTAL | 939,295 21.6 108,776

Removal Action Objectives

The primary objective of this removal action is to mitigate actual or potential risks to human health
and/or the environment posed by excess radiological on-site contamination, and, to the extent
feasible, reclaim the entire Site for the projected future land use of residential and livestock
grazing. The scope of the response action will address excess radiological contamination in soil
greater than the action level of 3.0 pCi/g for Ra-226 (4.0 pCi/g Ra-226 for Section 33 NORM
area), which is inclusive of the Ra-226 background concentration (1.5 pCi/g [2.5 pCi/g for Section
33 NORM area]). The action levels represent total cancer morbidity risks of 2.3x10* and 2.9x10-
4, respectively; these risks are less than the maximum target acceptable site cancer morbidity risk
of 3x10™* (3 persons per 10,000 persons) as determined by EPA. The response action is intended
to be the final action for the surface and near-surface contaminated soils/debris at the Site and to
contribute to any potential remedial actions that may be contemplated for the Site through source

control.

Potential Removal Action Alternatives

The following removal action alternatives were considered as part of this EE/CA. Each of the
alternatives was evaluated against the criteria of effectiveness, implementability, and cost.
e Alternative 1: No Further Action — included to satisfy the requirements in Section

300.430(e) of the National Contingency Plan (NCP) and to provide a basis for comparison
of the remaining alternatives.

e Alternative 2: Excavation and Off-Site Disposal of Contaminated Soils at a Licensed Low-
Level Radioactive Waste Facility — assumes that contaminated soils with concentrations of
Ra-226 greater than the action levels would be excavated and disposed of off-site at a
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licensed disposal facility permitted to receive the waste. Three potential licensed facilities
were identified within the western United States that are authorized to accept low-level
radioactive waste and/or naturally occurring low-level radioactive soil with Ra-226
concentrations ranging from 2 pCi/g to approximately 500 pCi/g.

e Alternative 3: Consolidation and Capping of Contaminated Soils in Place — assumes that
radiologically contaminated soils/debris with concentrations of Ra-226 greater than the
action levels would be consolidated, and capped in place, spanning the boundary of
Sections 32 and 33. The capped area would include an engineered cover placed over the
consolidated, contaminated soils.

Summary of Comparative Analysis

Effectiveness

Alternative 1, No Further Action, does not meet removal action objectives or protectiveness
standards and therefore is not effective. Alternative 2, Excavation and Off-Site Disposal of
Contaminated Soils at a Licensed Low-Level Radioactive Waste Facility, provides a high level of
long-term effectiveness; however, it has a medium level of short-term effectiveness due to the
increased risk of exposure to the public and the environment from long-distance hauling to the
licensed facility. Alternative 3, Consolidation and Capping of the Contaminated Soils in Place,
provides a medium level of long-term effectiveness to reduce the risk to human health and the
environment, since a final cap will be designed, constructed, and maintained to prevent exposure
to the public and the environment. It will also provide a high level of short-term effectiveness
since the hauling distance to the capped area is considerably less than Alternative 2. Administrative
feasibility for Alternative 3 is medium, as subsurface contamination is not addressed by the Multi-
Agency Radiation Site Survey and Investigation Manual (MARSSIM) (EPA, 2000b) and would

thus require a unique, site-specific compliance plan.
Costs
Alternative 1 is not protective, and therefore is not effective.

Alternative 2 has a low level of cost-effectiveness due to the extremely high capital cost of
transportation and disposal in comparison to Alternative 3. Therefore, due to the extremely high
cost of this alternative, it is not considered to be technically feasible.
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Alternative 3 has a medium level of cost-effectiveness compared to Alternative 2. Annual costs
associated with maintenance and monitoring of the cap would lower the cost-effectiveness of this

alternative compared to Alternative 2.
Implementability

No Further Action (Alternative 1) is not effective and will not be considered further since it does
not meet removal action objectives or protectiveness standards. The very high cost of waste
transportation and disposal of waste soil in Alternative 2 is prohibitive. Alternative 3
(Consolidation and Capping of Contaminated Soils in Place) is considered to have a medium level
of implementability due to the design and construction effort associated with a cap; the necessity
of aunique, site-specific compliance plan; and a removal plan that will require excavation, loading,
and off-site transportation of the contaminated soil and the importing of a large volume of material
to the on-site capped area to meet the removal action objectives and protectiveness standards.
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Draft AAM for Tronox Settlement Navajo Area Uranium Mines, Sections 32 and 33 Mines Site, McKinley County, New Mexico

1.0 INTRODUCTION

Weston Solutions, Inc. (WESTON®), the Superfund Technical Assessment and Response Team
(START) Contractor (EPA team), was tasked on 15 August 2018 by the U.S. Environmental
Protection Agency (EPA) Region 6 under Contract No. EP-S5-17-02, Technical Direction
Document (TDD) No. 0001/17-045, to conduct a Removal Site Evaluation (RSE) and an
Engineering Evaluation/Cost Analysis (EE/CA) at the Tronox Settlement — Navajo Area Uranium
Mine (NAUM) Sections 32 and 33 Mines site (the Site) located within the Ambrosia Lake Sub-
District (ALSD) of the Grants Mining District (GMD) near Prewitt in McKinley County, New
Mexico (Figure 1-1). The Superfund Enterprise Management System (SEMS) Identification
Numbers assigned to the Site are NMNO000908747 (Section 32 Mine) and NMNO000908748
(Section 33 Mine). This EE/CA will describe and summarize work performed in support of the
RSE and EE/CA field efforts and present removal alternative actions and their evaluation to be

completed as part of a Non-Time Critical Removal Action (NTCRA) at the Site.

The activities conducted under the TDDs are associated with abandoned uranium mines (AUMS),
including surrounding properties, and are part of an on-going program to assess and remediate
Tronox-related AUMSs within the GMD. A Site Area Map, provided as Figure 1-2, presents an
overview of the different AUM Geographic Sub-Areas (GSAS) in the ALSD.

1.1 PURPOSE AND SCOPE

The purpose of this EE/CA is to present the available data collected relative to the Site, describe
the Removal Action Objectives (RAOs), describe the removal alternatives available to address
contamination at the Site to meet the RAOs, and provide an analysis of the alternatives. This
EE/CA was conducted following the basic methodology outlined in 40 Code of Federal
Regulations (CFR) 8§300.415 and further discussed in the EE/CA guidance (EPA, 1993). The
report is compiled in accordance with the guidance and standards established under the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and
guidance issued by the EPA, specifically Guidance for Conducting Non-Time-Critical Removal
Actions (EPA/540-R-93-057, 1993); and A Guide to Developing and Documenting Cost Estimates
During the Feasibility Study (EPA Office of Solid Waste and Emergency Response [OSWER]
9355.0-75; July 2000a). The report is divided into seven sections as described below.
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e Section 1: Introduction — Provides background information, summarizes the findings of
previous investigations and reports, summarizes the nature and extent of contamination,
and presents the results of human health and ecological risk assessments.

e Section 2: Removal Action Objectives — Presents the RAOs, identifies the surface area and
volumes of contaminated media, and discusses the removal action schedule.

e Section 3: Removal Action Alternatives — Lists applicable or relevant and appropriate
requirements (ARARS) and identifies and describes alternatives to address the removal
action goals.

e Section 4: Analysis of Alternatives — Provides an individual analysis of the alternatives
using EPA evaluation criteria.

e Section 5: Comparative Analysis of Removal Action Alternatives — Comparatively
analyzes the removal action alternatives.

e Section 6: Recommended Alternative — Based on comparative analysis, recommends one
alternative from the listed removal action alternatives.

e Section 7: References — Lists the references used in the development of this report.

1.2 SITE DESCRIPTION AND BACKGROUND

The Region 6 Tronox NAUM Area comprises approximately 100 square miles within the center
of the ALSD of the GMD in McKinley County, New Mexico. The following sections provide
overviews of the GMD and ALSD before providing a Site-specific description and background of
the Sections 32 and 33 Mines Site.

1.2.1 Grants Mining District

New Mexico has the second-largest identified uranium ore reserves of any state in the United
States after Wyoming (McLemore, 2007). Almost all of its uranium is found in the GMD (formerly
and occasionally still referred to by various entities as the Grants Mineral Belt [GMB]), an area of
uranium mineralization occurrence approximately 100 miles long and 25 miles wide,
encompassing portions of McKinley, Cibola, Sandoval, and Bernalillo counties in the northwest
part of New Mexico. The GMD is composed of geographic sub-districts wholly within the Navajo
Nation (EPA Region 9 jurisdiction), wholly within EPA Region 6 jurisdiction, and one sub-district
with shared EPA Regions 6 and 9 jurisdiction — Ambrosia Lake. A Site Location Map is provided
as Figure 1-1.
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The GMD (hereafter to mean only those sub-districts wholly within EPA Region 6 jurisdiction or
the ALSD shared jurisdiction areas) is within the Navajo and Datil sections of the Colorado Plateau
physiographic province. Characteristic land features include rugged mountains, broad flat valleys,
mesas, cuestas, rock terraces, steep escarpments, canyons, lava flows, volcanic cones, buttes, and
arroyos (EPA, 1975). The Continental Divide extends through the northwest corner of the GMD.
Thus lying east of the Divide, streams and rivers in the GMD eventually flow into the Rio Grande,
one of the principal rivers of the western United States that runs through the length of central New
Mexico approximately 70 miles east of the center of the GMD. Nearly all of the streams in the

GMD are intermittent and flow only during periods of heavy precipitation (same).

The uranium ores in the GMD are found in the northward dipping limestone and sandstones that
were tilted as a result of the Zuni Uplift, which produced the Zuni Mountains that lie south and
generally parallel to the trend of the mineralized zone (Holmquist, 1970). The majority of the
uranium deposits in the GMD are in sandstone formations (McLemore, 2007). The first large
sandstone uranium deposit to be discovered in the GMD was found by Anaconda Company in the
early 1950s using aerial prospecting on the Laguna Reservation about 32 miles east of Grants and
about 8 miles north of Highway 66. This discovery, the Jackpile deposit, probably influenced other

large companies to investigate the GMD area for important deposits of uranium (same).

Upon the commercial discovery of uranium in New Mexico in 1950, the GMD was henceforth the
primary focus of uranium extraction and production activities in New Mexico from the 1950s until
the late 1990s. Several different companies moved into the region in the 1950s, particularly oil
companies. They included Anaconda Company, Phillips Petroleum Company, Rio de Oro
Uranium Mines, Inc., Kermac Nuclear Fuels Corporation (a cooperative of Kerr-McGee Oil
Industries, Anderson Development Corporation, and Pacific Uranium Mines, Inc.), Homestake
Mining Company, Sabre-Pinion Corporation, United Western Minerals Company, J. H. Whitney
and Company, White Weld & Co., San Jacinto Petroleum Corporation, Lisbon Uranium
Corporation, and Superior Oil Company (McLemore, 2007; TIME, 1957). Five uranium mills,
shown on Figure 1-1, operated in the GMD to process the ore into triuranium octoxide (Uz0Os),
commonly referred to as “yellowcake.” Four of the mills were in the ALSD and one was located

in the Laguna Sub-District.
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No uranium ore has been actively mined in the GMD since 1998, although Rio Algom Mining,
LLC (RAML) continued to recover uranium dissolved in water from its flooded underground mine
workings in Ambrosia Lake until 2002. The Navajo Nation, whose reservation contains much of
the known ore deposits, declared a moratorium on uranium mining in 2005 (McLemore, 2007).

The GMD contains 97 legacy uranium mines and five former uranium mill and tailing disposal
sites that were active during the Atomic Energy Commission uranium purchase (1940s through
1970) and beyond, until the 1990s. Over 52 million tons of uranium ore were extracted from these
mines, constituting approximately 68% of the total uranium ore mined in the United States (EPA,
2015a). In the GMD alone, over 300 mining permits were issued by the State of New Mexico on
lands consisting of public, tribal, and private property for mine exploration and mining operations.
The extraction of uranium-bearing ore occurred through open pits, from underground workings

that were extensively connected, and via solution mining (same).

The State of New Mexico has specifically identified that the 97 legacy uranium mines require
assessment and possible cleanup. The mines had reportable ore production and surface expression

post mining (i.e., waste rock piles, vents/shafts, physical remnants, etc.).

The EPA has identified four categories with respect to entities that should be responsible for

addressing the legacy mines and operational impacts within the GMD.

e Mines associated with Jackpile National Priorities List (NPL) Site (Laguna Sub-District)
e Mines covered by the Tronox settlement (ALSD)

e Mines with potential responsible parties (PRP)

e Mines without responsible parties (orphans)

Additionally, the Homestake Mining Company NPL Site (former uranium mill) is located within
the GMD near Milan, New Mexico.

The Jackpile-Paguate Mine (Figure 1-1) is located in the Laguna Sub-District on the Pueblo of
Laguna. The entire mine area was added to the NPL in December 2013 and will be addressed by
the EPA’s Remedial Program. As stated previously, the EPA Region 6 Tronox NAUM Area lies
within ALSD. A description of the ALSD is provided in Section 1.2.2.

Tronox Section 32 and 33 Mines AAM 1-4 TDD No. 0001/17-045


https://en.wikipedia.org/wiki/Ambrosia_Lake

Draft AAM for Tronox Settlement Navajo Area Uranium Mines, Sections 32 and 33 Mines Site, McKinley County, New Mexico

The progress of assessment and cleanup efforts of uranium mines, mills, residential areas, and
water supply sources throughout the GMD is tracked by EPA through 5-year plans located on the
EPA website at https://www.epa.gov/grants-mining-district/draft-2015-2020-grants-mining-

district-five-year-plan.

1.2.2 Ambrosia Lake Sub-District

The ALSD is the largest of the sub-districts within the GMD, comprising approximately 760
square miles and stretching from Interstate Highway 40 to the south, New Mexico State Highway
371 from Thoreau to Crownpoint to the west, a line 25 miles north of the Cibola County/McKinley
County border to the north, and the western portion of the Cibola National Forest, and
approximately 16 miles west of the McKinley County/Sandoval County border to the east. A Site
Area Map is provided as Figure 1-2. As referenced above, federal removal jurisdiction is held
jointly within the ALSD by EPA Regions 6 and 9. The western one-third of the ALSD is Navajo
Nation (within EPA Region 9 jurisdiction) or mixed ownership and the remainder is private land

under EPA Region 6 jurisdiction.

Geology and Hydrogeology

The ALSD is located in the southeast corner of the Navajo section of the Colorado Plateau
physiographic province. The geology is characterized by elongated domal uplifts, monoclines, and
broad structural platforms. The majority of the regional structure was formed during late
Cretaceous period to early Tertiary period (Hilpert, 1963) and was probably accompanied by east-
west directed tension that produced north- and northwest-trending faults and joints (Santos, 1970).
Figure 1-3 illustrates the major fault zones of the ALSD. Uranium deposits within the ALSD occur
at several stratigraphic levels within the Westwater Canyon Member of the Jurassic Morrison

Formation.

Section 32/33 Mines site is located at the western edge of the ALSD near the central part of the
GMD. Ore was taken from Poison Canyon Sandstone located beneath the Brush Basin Member of
the Jurrassic Morrison Formation (U.S. Dept. of Interior, 1981). Boring logs for the mine were

unavailable so a general overview of the local geology will be presented.
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The GMD is situated on the northeastern flank of the Zuni Uplift and the southern edge of the San
Juan Basin within an area referred to as the Chaco Slope. The San Juan Basin, comprising an area
of approximately 10,600 square miles (27,400 square kilometers) (Kelley, 1955) is a significant
geological and topographic feature that covers much of the northwest portion of New Mexico, and
is an important geological and physiographic feature within the Colorado Plateau geologic
province. Within the area of the GMD, rocks ranging in age from Pennsylvanian through upper
Cretaceous are exposed, with surface exposures of the older rocks generally restricted to the area
immediately north of the Zuni Uplift. Younger marine Cretaceous rocks cover the northerly
portion of the GMD and obscure the host rocks for the uranium deposits, which were dominated
by the Jurassic-aged Westwater Canyon Member of the Morrison Formation. The GMD is a west-
northwest trending belt of sandstone-hosted (and lesser limestone-hosted) uranium deposits that
extends from the western edge of the Rio Grande Rift, east of the Pueblo of Laguna, west-
northwesterly to the vicinity of the city of Gallup, for a distance of more than 100 miles (161
kilometers). The belt attains a maximum width of approximately 25 miles (40 kilometers), but is
more commonly 6 to 10 miles (9.6 to 16 kilometers) in width. This belt of uranium deposits
includes the Laguna, Marquez, the Ambrosia Lake, Smith Lake, Crownpoint, and Church Rock
subdistricts. Collectively, the deposits of the belt have provided more than 340 million pounds of
Uz0s, ranking as the fourth largest uranium producing region in the world (McLemore et. al.,
2013), and the world’s largest sandstone-hosted uranium district. Sandstone-hosted uranium
deposits of the GMD are hosted primarily in the Jackpile Member, Poison Canyon sandstone
(informal unit of economic usage only), and the Westwater Canyon Member of the upper Jurassic-
age Morrison Formation. Limestone-hosted uranium deposits have been discovered in the upper

Jurassic age Todilto limestone (Wilton, 2018).

Figure 1-4 shows a portion of the Thoreau NE quadrangle displaying the former mine surface
expression in a mix of local Quaternary alluvium, colluvial, and aeolian deposits on the western
and upward thrust area of the Big Draw Fault. Unnamed mesas comprised of Upper Cretaceous

age Mancos shale and Dakota sandstone surround the former mine footprint.

The dominating soil type in the area is the Sparank-San Mateo-Zia complex (Figure 1-5) which is
derived from calcareous sandstone deposited in flood plains on valley floors and is located on

valley sides (Natural Resources Conservation Service, 2015).
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Mining Practices

The following description of mining practices in the ALSD was taken from, “An Overview of the
Uranium Industry” (NMEMD, 1979) and from “Uranium Mining and Processing” (Kerr-McGee,
undated). The uranium mines in the ALSD were conventional underground mines. A diagram of
a typical underground uranium mine operated by Kerr-McGee Corporation in the ALSD is
provided as Figure 1-6. Mine operations included vertical mine shafts sunk to the appropriate ore
depth and a station with ancillary drifts, pockets, trenches, and sumps. Shafts were typically around
15 feet in diameter and concrete-lined, with hoisting compartments via skips to bring ore and waste
rock to the surface and for the conveyance of miners and materials. Groundwater flowed to the

shaft and down to a collecting sump at the bottom of the shaft where it was pumped to the surface.

Aboveground, the main pad area might include main and auxiliary buildings, a shaft-area pad with
a head frame up to 100 feet high, oil and fuel storage, a power facilities area, a concrete batch
plant, an ore storage pad, a materials storage yard, and a powder magazine. The main building

contained the hoist room, warehouse, maintenance shops, and administrative offices.

Mine development included horizontal drifts driven outward from the shaft and beneath the
elevation of the ore zones. The drifts were approximately 9 feet wide by 9 feet high and were
supported by rock bolts and wood and/or steel sets. Haulage drifts generally paralleled the long
axis of the ore bodies. Short drifts, called crosscuts, were driven normal to the haulage drift as
required to reach the extremities of the ore bodies. As drifts extended further from the shaft,
ventilation holes of 36 to 72 inches in diameter were drilled to maintain air quality, typically
functioning as exhaust while the main shaft functioned as the fresh air intake. The ore bodies were
outlined by longhole drilling, which were probed to determine the location of the ore and to

dewater the ore bodies.

Extraction (called "stoping™) of an ore body began once development was complete. Generally,
there were three stoping methods employed: open stopes, room and pillar stopes, and square set
stopes. The selection for each ore body depended on the stability of the ground and the size and
shape of the ore body. Once mined, drifts were typically backfilled, sometimes with mill tailings,

to prevent collapse.
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Mine water recirculation, sometimes referred to as “in-situ stope leaching” or “solution mining,”
was commonly performed to ALSD mines (NMEMD, 1979). The process is described as follows.
In the early years of mining, when retreat began from a worked-out area, the roof collapsed,
making it difficult to further ore recovery using traditional techniques. To further increase
recovery, mine owners drilled holes into the top of the collapsed zone and sprayed water through
these holes onto the low-grade shattered ore. Mine water is slightly alkaline and a small amount
of leaching occurs as the water runs through the shattered zone into collection sumps. The enriched
water was then pumped to ion exchange plants where the uranium was removed from the water.
The water was then returned for further leaching. After a period of time, no further leaching can
occur. The shattered zone was then allowed to "sit" until further oxidation of the ore occurred

through natural processes, usually about 2 weeks (same).

Mine-related wastes from the uranium mines commonly consist of low-grade ore of insufficient
quality to process economically, overburden (waste rock) that was removed to access high-grade
ore, or residuals from mine dewatering activities. Most of the mines in the ALSD conducted
extensive dewatering to access ore below the water table. Most effluent from dewatering received
little or no treatment before discharge to the ground or surface drainages during the majority of the
mine operational period, causing perennial stream flows in major drainages that were otherwise
ephemeral. Treatment of pre-discharge mine waters to extract uranium (ion exchange plants) and
radium (settling ponds with bioremediation) was incorporated into most mine operations beginning
in the 1970s. Other environmental impacts may have been caused by erosion and leaching of mine
waste materials, some of which were deposited into arroyos where they remain today, and by the

reported operation of on-site heap-leach and stope-leaching operations.

Additionally, the mine water effluent infiltrated and recharged the shallow alluvium directly or
through impoundment infiltration and overflow. From 30 years of mining operations,
approximately 80 billion gallons of mine water was extracted from the subsurface and discharged
to surface drainages, the majority being discharged into the San Mateo Creek basin (EPA, 2015a).
The effluent discharges may impact regional bedrock drinking water aquifers and shallow alluvial
aquifers. These aquifers are accessed by scattered private residences and nearby municipal or
community water supply systems. Moreover, extensive dewatering of underground workings

during mine operations created a regionally extensive cone of depression into which oxygenated
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groundwater currently is flowing. The oxygenated groundwater may dissolve and mobilize

unmined uranium and associated constituents within the aquifers (same).

Most of the uranium mine sites in the ALSD have undergone some form of surface reclamation,
although some mines still have physical hazards such as open adits, vent holes, and shafts, as well
as uncontrolled waste rock and ore piles on-site. Some reclamations occurred prior to the New
Mexico Mining Act of 1993, and all occurred prior to the promulgation of uranium mine cleanup
and reclamation guidelines by the State of New Mexico in 2016. These guidelines specify a limit
of 5.0 picocuries per gram (pCi/g) radium-226 (Ra-226), averaged over the first 15 centimeters of

soil below the surface, averaged over any area of 100 square meters.

A total of four uranium mills operated in the ALSD (Figure 1-1). Milling activities occurred at the
Phillips Petroleum Mill from 1958 to 1982, at the Homestake Mill from 1957 to 1990, at the
Anaconda-Bluewater Mill from 1953 to 1982, and at the Rio Algom Mill from 1958 to 2002 (EPA,
2015a). The Department of Energy (DOE), with Nuclear Regulatory Commission (NRC)
oversight, is responsible for long-term surveillance and maintenance duties at the Phillips
Petroleum and Anaconda-Bluewater Mill. The NRC, in coordination with the EPA and the New
Mexico Environment Department (NMED), currently regulates ongoing remedial activities at the
Homestake Mill Superfund Site. The NRC also oversees reclamation in coordination with the
NMED at the Rio Algom Uranium Mill (same).

SEMS Sites in the ALSD

In November 2014, the United States District Court for the Southern District of New York
approved a settlement agreement to resolve fraudulent conveyance claims against Kerr-McGee
Corporation and related subsidiaries of Anadarko Petroleum Corporation. Settlement proceeds
were distributed in January 2015, and the EPA received funding for the assessment and subsequent
cleanup of fifty (54) Tronox NAUM sites located in both EPA Region 6 and EPA Region 9

jurisdictional areas.

Twenty-two (22) legacy uranium mines, within the EPA Region 6 Tronox NAUM footprint (all
located within the ALSD) are eligible for Litigation Trust funding. Of the 22 eligible mines within
the ALSD, only 12 surface operational areas are associated with these mines due to several of the

eligible mines being operated through a geographically shared central main shaft. All of these
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mines have undergone some form of closure operations and removal of operational surface
features. Some of these mines were operated as “wet mines,” where the underground workings
were dewatered and the collected mine water was discharged to nearby surface drainage features
such as creeks and arroyos. Little environmental data currently exists on the Tronox NAUM in
general, or specifically, regarding risks to public health and/or the environment, and/or any threat
abatement actions that may be necessary. EPA Region 6 has been tasked to obtain the data required
to evaluate the risks posed by these legacy mine sites and conduct appropriate risk abatement

activities.

The Tronox NAUM Area within Ambrosia Lake is divided into three stand-alone mine sites: the
Section 10 Mine, the Spencer Mine (U.S. Department of the Interior’s Burecau of Land
Management [BLM] lead) and the Sections 32 and 33 Mines; and three GSAs:, the East (Sections
35 and 36 Mines), Central (Sections 17, 19, 30, and 33 Mines), and West (Sections 22, 24, and 30
Mines) (Figure 1-2). The Tronox Sections 32 and 33 Mines site is located approximately 9 miles
west-northwest of the Ambrosia Lake valley, but is still within the ALSD. As more information is

gathered about orphan mines and mines with PRPs, further geographic sub-areas may be identified.

Land ownership within the Tronox NAUM Area varies predominantly by geographic section; that
is, the vast majority of the geographic sections have one landowner. The majority of land in the
Ambrosia Lake valley is privately owned, but also includes lands owned by the state of New
Mexico, the BLM, and the Navajo Nation. The Sections 32 and 33 Mines Site includes one section
that is privately owned (Section 33) and one section that is owned by the Navajo Nation (Section
32). Ownership of the Sections 32 and 33 Mines Site and surrounding land is illustrated on Figure
1-7.

In addition to the Tronox sites, other SEMS sites in the ALSD include the Ann Lee Uranium Mine,
the John Bully Uranium Mine, the Sandstone Uranium Mine, and the Homestake-New Mexico
Partners Uranium Mine (Figure 1-2). The PRP for the Ann Lee, John Bully, and Sandstone mines

is United Nuclear, while Homestake Mining Company is the PRP for its namesake mine.

The Sections 32 and 33 Mines Site is the subject of this EE/CA; activities associated with the East,
Central, and West GSA Mines and the Section 10 Mine will be reported under separate EE/CAs.
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1.2.3 Site Location

The Sections 32 and 33 Mines Site is located in the ALSD approximately 9 miles north of Prewitt,
McKinley County, New Mexico (Figure 1-2). The Site area is shown on the Thoreau NE
quadrangle United States Geological Survey (USGS) Topographical Map. The Site comprises two
former underground uranium mines that are located in Sections 32 and 33, Township 15 North,
and Range 11 West (T15N, R11W) of the New Mexico Principal Baseline and Meridian. The
Sections 32 and 33 Mines Site also includes related surface areas in Sections 32 and 33 impacted

by contamination from associated mining operations.
1.2.4 Operational Status

The Sections 32 and 33 mines were developed and operated by Kerr McGee from 1960 through
1969. The Section 32 mine operated from 1960 through 1969 and produced 20,117 tons of ore.
The Section 33 mine operated from 1960 through 1964 and produced 4,243 tons of ore. The mines
were “dry mines” (i.e. above the water table) and did not require de-watering. The current owner

of the mine is reported to be Cobb Nuclear Company.
1.2.5 Structures, Topography, and Vegetation

The Sections 32 and 33 Mines were located on the border of Sections 32 and 33. The mines had
underground workings in both Section 32 and Section 33, and shared two shafts, surface structures,
and infrastructure. The Sections 32 and 33 Mines Site is referred to as the single Moe Mine or
Moe #5 Mine on some maps and documents. An additional shaft was located approximately 1,300

feet south of the main shaft, in an area referred to as the “transfer area” (Figure 1-8).

The Sections 32 and 33 Mines Site has undergone some reclamation activities. The buildings and
aboveground structures have been removed, presumably by the owners/operators. EPA conducted

additional reclamation activities described in Section 1.3 of this report.

The Site area lies approximately 7,000 to 7,300 feet in elevation above mean sea level. It is located
in a valley surrounded by unnamed mesas and within the Semiarid Tablelands. This ecoregion is

characterized by dry plains, mesas, valleys, and canyons formed from sedimentary rocks. A
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detailed description of site vegetation is presented in the Natural Resources Evaluation report
(June 2019) performed by NV5, provided in Appendix A.

As discussed by NV5 (NV5, June 2019a), the Site is primarily located within Plains-Mesa
Grassland and Great Basin Desert Scrub vegetation communities, with a developed shrub series
component present in most areas. The following vegetative communities were identified: Juniper
Savanna, Arroyo Riparian, Plains-Mesa Grassland, Great Basin Desert Scrub, Coniferous
Woodland, and Disturbed. Overall plant diversity was very low across the site. Although noxious
weeds are known to occur in the general area, there were no State of New Mexico Class A, B or
C weeds present found during the study (NV5, 2019a).

1.2.6 Site Soils

The geology of the Sections 32 and 33 Mines Site was covered previously in Section 1.2.2. The

hydrology of the site is covered in Section 1.2.7.

Soils at the Sections 32 and 33 Mines Site consist of the following U. S. Department of Agriculture
(USDA) Natural Resources Conservation Service (NRCS, 2015) map units: Sparank-San Mateo-
Zia complex, 0-to-3% slopes (soil unit: 230); Penistaja-Tintero complex, 1-t0-10% slopes (soil
unit: 205); Celavar-Atarque complex, 1-t0-8% slopes (soil unit: 305); Berryhill-Casamero Clays,
2-t0-10% slopes (soil unit: 380); Todest fine sandy loam, 2-t0-8% slopes (soil unit 376); Zyme-
Lockerby association, 5-t0-35% slopes (soil unit: 338); and Rock outcrop Westmion-Skyvillage
complex, 30-t0-80% slopes (soil unit: 290). Soils are generally well drained; not hydric or slightly
hydric, moderately susceptible to wind and water erosion, and occur more than 200 feet from
groundwater depth (NV5, 2019a). Soil chemistry parameters were evaluated in eight soil samples
as part of NV5’s natural resource study. Results of the soil chemistry tests indicate the site soils
have low fertility, are low in boron, are high in potash and magnesium, and have a high carbon-
to-nitrogen ratio. The pH of site soils ranges from 8.1 to 8.3. These are classified as alkaline soils

but are not extreme (Appendix A).
1.2.7 Hydrologic Setting
The Site is within the Rio San Jose 8-digit Hydrologic Unit Code 13020207, which occurs in the

larger Middle Rio Grande drainage basin. The ground near the Site slopes from east to west such
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that most surface water drainage from Section 33 flows westward through an arroyo located 400
feet north of the mine site, with some drainage flowing through the site. Surface water flow from
the Site occurs through a series of unnamed ephemeral streams and arroyos generally to the west
into Section 32 for 0.5 miles, and then turns south flowing into Casamero Draw approximately 2.7
miles southwest of the Site (Figure 1-9). Casamero Draw flows into Mitchell Draw, which flows
into Rio San Jose approximately 14 miles south of the Site (Mitchell Draw and Rio San Jose are
not on Figure 1-9). The Casamero Draw, Mitchell Draw, and Rio San Jose are intermittent streams
in the vicinity of the mines.

1.2.8 Surrounding Land Use and Population

McKinley County, New Mexico, has a total land area of approximately 5,455 square miles and a
population of 71,492 (2010 U.S. Census; American Fact Finder, data.census.gov). The closest
community to the Site listed in the U.S. Census is Thoreau, 13 miles to the southwest, which has
a population of 1,865. The Census Tracts immediately surrounding the Site (Census Tracts 9440
and 9460) have populations of 2,186 and 5,677 persons, respectively, with the majority of the
population occurring on the Navajo Nation.

Section 32 is part of the Navajo Nation. The Navajo community of Casamero Lake is located in
Section 29 of T15N, R11W, approximately 1.1 miles northwest of the Site. There are at least 19
residents in Section 32. The nearest residences are located approximately 0.3 mile east of the
temporary repository. The residents in Section 32 keep livestock including horses, cattle, sheep,
and goats. No gardens were noted in Section 32.

Section 33 is privately owned and used for livestock grazing (cattle).

Hunting activities are popular in the area. Although public access to the Site is moderately
restricted through perimeter barbed wire fencing and locked gates, trespass hunting activities are

possible.
1.2.9 Historical/Cultural Resources

In consideration of future corrective actions at the Site, a cultural resource survey was conducted

to meet the requirements of Section 106 of the National Historic Preservation Act. A team of
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archaeologists conducted the survey of the Site between December 2018 and April 2019. The
Cultural Resources Survey Report is provided as Appendix B. The survey included all of Section
32 and the western half of Section 33 (NV5, 2019b).

The Cultural Resources Survey Report has been submitted to the State Historic Preservation Office
(SHPO) and the Trust Archeologist in the State Land Office (SLO) for review. EPA will also
extend an invitation for cultural resources consultation to the Tribes that have identified an interest
in the New Mexico SHPO in potential consultation on federal undertakings in McKinley County,
New Mexico. Any further actions required by the SHPO, the SLO, or from tribal consultation will
be considered during final alternative selection and included in final alternative design. A Cultural
Resources Protection Plan will be developed prior to the initiation of removal activities and will
include protections for historical/cultural resources documented during the survey, as applicable.
The plan will include mitigation requirements determined by the stakeholders, including the SHPO
and Tribes. Removal activities will be scheduled to provide adequate time to institute the
mitigation activities to avoid any disturbance to the Sites visually identified until clearance is
provided to the EPA.

1.2.10 Sensitive Ecosystems and Wildlife

As mentioned in Section 1.2.5, a natural resources survey was performed to identify protected
species and general wildlife habitat, and general vegetation and vegetative community types for
the Site area (NV5, 2019a). Information gained during the survey was used during the completion
of an Ecological Risk Evaluation (Section 1.5.3) including recommendations for soil amendments
and seed mixtures for revegetation after excavation. A copy of the Natural Resources Evaluation
Report is included in Appendix A. NV5 conducted the survey within all of Section 32 and 33. In
general, wildlife was not common across the study area with fewer than 20 vertebrate species
present. Some of this lack of diversity and abundance is likely due to the time of year (winter)
when the surveys occurred. However, many of the lowland Great Basin Desert Scrub communities
were in poor condition with stunted shrub growth and very little herbaceous ground cover.
Additionally, a substantial portion of the north half of Section 32 is impacted by human activities
and domestic predators such as dogs. All these factors can reduce the quality of habitat for
vertebrate species (NV5, 2019a).

Tronox Section 32 and 33 Mines AAM 1-14 TDD No. 0001/17-045



Draft AAM for Tronox Settlement Navajo Area Uranium Mines, Sections 32 and 33 Mines Site, McKinley County, New Mexico

Only nine bird species were noted during the field surveys. Based on the topographic relief, and
the abundance of woodland habitats along the eastern edge and southern boundary of the study
area, birds should have been more abundant even in the winter months. Most bird observations
occurred singularly; some of the corvids such as Common Raven and American Crow were in
small flocks. Resident species that would be expected in such a habitat were either scarce or not
present. (NV5, 2019a).

Ten species of mammals were observed in the survey area and, based on surveys of nearby areas,
others would be expected. No reptiles or amphibians were observed during the field survey due
to the time of year the survey was completed; however, whiptail, collared and fence lizards, and

bull snakes are likely present.

No designated or proposed critical habitat occurs within the Site boundary. The CP-2 unit of
designated critical habitat for the Mexican spotted owl is located approximately 24 miles southeast

of the study area within the Cibola National Forest.

An Environmental Protection Plan will be developed prior to the initiation of removal activities
and will identify sensitive ecological habitats and species documented during the survey. Removal
activities may be scheduled to avoid certain critical periods of the year such as nesting or breeding
seasons. The areas of concern will be visually identified to avoid any disturbance until clearance
is provided to the EPA.

1.2.11 Regional Climate

Climate at the Site can be described as semi-arid although the mountainous terrain results in a large
variation of temperature and precipitation. Monthly climate data is available from 01 October 1929
to 30 November 1992 from a meteorological data station (#298830) at Thoreau, New Mexico. The
average high temperatures range between 43 °F to 85 °F, and the average low temperatures range
between 18 °F to 56 “F. (Western Regional Climate Center [WRCC], 2020).

There is considerable variation in monthly precipitation totals although most of the precipitation
in the Site area occurs during late summer thunderstorms. Monthly precipitation generally varies
between 0.45 inches (April) and 2.16 inches (August), with an annual average of 10.71 inches
(WRCC, 2020).
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1.3 PREVIOUS REMOVAL ACTIONS

The Sections 32 and 33 Mines Site has undergone some reclamation activities. The buildings and
aboveground structures have been removed, presumably by the owners/operators.

In October and November 2012, EPA Region 9 conducted a Time Critical Removal Action at the
Site. EPA was denied access to Section 33 by the property owner, so all removal activities took
place in Section 32. EPA excavated contaminated soils from the mine area and the transfer area
in Section 32. During excavation, EPA discovered two additional mine shafts. The three mine
shafts were sealed and covered over with fill material. Soil removed from the excavated areas was
placed in an EPA Environmental Response Team (ERT) designed interim stockpile located in
Section 32 (Figure 1-8). After excavated materials from all planned removal areas on Section 32
were placed in the interim stockpile, a soil stabilizer and dust control agent were applied to stabilize
the stockpile pending further removal actions. The interim stockpile occupies an area of 121,840
square feet and has a height of 30 feet above the surrounding ground surface. The stockpile was
secured with a chain link fence. Excavated areas were graded and contoured to blend with the
overall topography and drainage course of the area.

1.4 NATURE AND EXTENT OF SOIL CONTAMINATION

The nature and extent of the contamination was defined through surface gamma scans and
subsurface soil sample collection as described in Sections 1.4.2.2 and 1.4.2.3. Based on the results
of the risk assessment (Section 1.5), the contaminant of concern (COC) for the Sections 32 and 33
Mines Site is Ra-226.

1.4.1 Previous Investigations

In June and July 2012, EPA Region 9 conducted a Removal Assessment of the site (Appendix C).
EPA delineated contamination near the waste piles in Sections 32 and 33, the shaft at the border
of Sections 32 and 33, and a “transfer area” in Section 32. The highest gamma scan measurements
using a 3-inch-by-3-inch sodium iodide detector (3x3 Nal) were 962,400 counts per minute (cpm)
in Section 32 and above 1,000,000 cpm in Section 33, compared to a background of 23,000 cpm.
Soil samples were collected and sent for laboratory analysis of Ra-226. The background Ra-226
activity for the soil samples was 1.2 picocuries per gram (pCi/g). The highest Ra-226 specific
activity in Section 32 was 37.3 pCi/g. The highest specific activity in Section 33 was 76.1 pCi/g.
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In 2018, as part of the EPA assessment activities at former mine sites in the Navajo Nation, the
EPA Airborne Spectral Photometric Environmental Collection Technology (ASPECT) platform
(airplane) conducted an aerial gamma screening survey of the Sections 32 and 33 Mines Site (EPA,
2020). The ASPECT survey did not indicate levels of gamma radiation corresponding to soil
activity levels above 3.0 pCi/g. In general, the ASPECT platform provides a broad assessment of
radiological contamination at concentrations and dispersion scenarios present at sites such as the
Section 32 and 33 Mines. Smaller areas of contamination and detection of radiation levels at or
near the Site action levels may not have been possible at the 500-foot altitude. Results of the

survey are shown on Figure 1-10.
1.4.2 Current Investigations

In August of 2017, EPA initiated an RSE of the Sections 32 and 33 Mines Site, including the
development of a background reference area (BRA), completion of surface gamma surveys, and
collection of subsurface soil samples. The RSE was submitted to EPA in September 2019
(WESTON, 2019). The RSE determined the nature and extent of contamination above an action
level of 3.0 pCi/g of Ra-226 (4.0 pCi/g of Ra-226 for Section 33 Naturally Occurring Radioactive
Material [NORM] area). The following sections describe the activities included in each stage of
the investigation. As discussed previously in Section 1.2.5, Section 1.2.6, Section 1.2.9, and
Section 1.2.10, a natural resource evaluation and a cultural resources evaluation of the Site were

also performed.
1.4.2.1 Background Reference Area Study

In order to provide a point of reference by which Site conditions can be compared to “pre-mining”
environments, a background radiation level was established by the EPA. Site action levels are
typically established as concentrations in excess of background levels that have been characterized
in carefully selected BRAs.

Selection criteria for the BRA are provided in Section 4.5 of the Multi-Agency Radiation Survey
and Site Investigation Manual (MARSSIM [EPA, 2000b]) and include absence of contamination,
and similarity in physical, chemical, geological, radiological, and biological characteristics to the

contaminated areas being evaluated.
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The EPA team reviewed data regarding the selection of a previous BRA utilized by EPA Region
9 at the Site during the 2012 Region 9 Removal Action (see Appendix C). Upon review, it was
determined that the Region 9 BRA appeared to be located near outcrops of the Dakota sandstone,
which was found to have lower gamma activity than quaternary deposits located around and up-
gradient of the Site. The predominant soils impacted by the Sections 32 and 33 Mines operations
are quaternary deposits. Due to these observations, EPA Region 6 conducted a gamma scan survey
and review of the USGS geologic quadrangle and identified an area up-gradient of the Site with
no known impact from mining activities (i.e., haul roads, stockpiles) located in Section 33 of
Township 15 North, Range 11 West, which was ultimately selected as the BRA. The identified
BRA exhibits similar physical, chemical, geological, radiological, and biological characteristics as
the Sections 32 and 33 Mines Site.

A square area of approximately 1.5 acres was selected within Section 33 to represent the BRA. On
20 June 2018, 1-minute, stationary gamma measurements using a 2-inch-by-2-inch sodium iodide
(Nal) detector and a 3-inch-by-3-inch (3x3) sodium iodide Nal detector were each collected from
20 evenly-spaced points within a rectangular-shaped grid in the BRA. The starting point for the
grid was randomly generated. Soil samples were co-located with the stationary gamma
measurements and sent to a qualified commercial laboratory for gamma spectroscopy analysis
(Appendix D).

EPA conducted radiation toxicity modeling using two different models that considered
contribution to human health impacts from all of the isotopes in the Uranium-238 (U-238) and
Uranium-235 (U-235) decay chains. Ra-226, a daughter product in the U-238 decay chain, was
found to be the predominant contributor of radiological risk to human health (Section 2.2.1) and

is the radionuclide for which historical cleanup limits have been specified.

Statistical analysis of the background data set was performed using ProUCL 5.1 (EPA, 2015b).
The average concentration for Ra-226 in the 20 samples is 1.223 pCi/g, the median is 1.22 pCi/g
(indicating lack of skewness), and the standard deviation is 0.131 pCi/g (Appendix E). The
coefficient of variation was 0.107 indicating a homogeneous background data set in accordance
with MARSSIM guidance (EPA, 2000b). The statistical analysis of the background data set,
including a goodness-of-fit test, indicated that the data set was normally, lognormally, and gamma

distributed. However, the normal distribution was selected as the most appropriate model. Dixon’s
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outlier test did not identify any outliers. A histogram, box plot and quantile-quantile plot were
generated, and visual inspection indicated a well-behaving data set without outliers that confirmed
a normal distribution. Finally, a background threshold value (BTV) was calculated at a 95% upper
tolerance limit with 95% coverage (UTL95-95). This BTV of 1.54 pCi/g Ra-226 represents the
upper limit of the background data set such that 95% of background values are less than 1.54 pCi/g
with 95% confidence. The UTL95-95 was selected as an appropriate and defensible BTV because,
when added to the Derived Concentration Guideline Level (DCGL), the resulting action level is
within the acceptable range that EPA manages cancer risk. See section 2.2.1 for further discussion

of the DCGL and the EPA acceptable cancer risk range.

The average of the 20 1-minute gamma measurements was 31,873 cpm, with a standard deviation
of 726 cpm. Again, using ProUCL, a normal distribution was confirmed and a UTL95-95 of 33,612
cpm was calculated as the BTV. A summary of background laboratory analytical results and field
measurements is provided in Table 1-1. The background laboratory analytical results are provided

as Appendix D. The background ProUCL statistical results are provided as Appendix E.
1.4.2.2 Surface Gamma Survey

As part of the RSE, the EPA determined the lateral extent of surface contamination at the Site by
conducting a gamma scanning survey (June through September 2018) utilizing a 3x3 Nal detector
paired with a Global Positioning System (GPS). The detector and backpack-mounted GPS unit
were carried by site personnel over transects in a walk-over survey. The distances between
transects varied but were generally between 50 and 100 feet. The entirety of both Section 32 and
Section 33 were surveyed to verify that there was no spread of contamination to non-contiguous

areas of the sections by undocumented mining activities.

The results of the gamma scanning survey were plotted in cpm on a map using color-coded icons
to represent the detector measurements (Figure 1-11). Measurements were displayed in six ranges
of values, two of which were relative to the BTV and the action level. Derivation of the action
level in pCi/g and its conversion to cpm is described in detail in Section 2.2.1. The figure reflects
areas below the BTV, areas of contamination above the BTV but below the action level, and areas
above the action level. Dark green icons represent gamma readings below the BTV and action

level. Light green icons represent gamma readings above the BTV and below the action level of
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39,559 cpm. Icons of other colors (yellow, orange, red, and purple) represent readings above the
action level. The maximum surface gamma measurement was 233,881 cpm, approximately 7

times the BTV and 6 times the action level.

The results of the gamma scanning survey were then plotted on a second map in pCi/g using color-
coded icons to represent the converted measurements (Figure 1-12). Scan values greater than the
BTV were converted to pCi/g using a methodology described in Section 2.2.1. The derivation of

the action level is provided in the RSE and detailed in Section 2.2.1.

Figures 1-11 and 1-12 show that large areas east and southeast of the Section 33 Mine exceed the
gamma survey action level of 39,559 cpm. As shown on Figure 1-9, virtually all the area south

and east of the Section 33 Mine is up-gradient and the area is unimpacted by prior mine activities.

Figure 1-13 shows Section 33 with maps of geologic deposits, surface drainage direction, and
gamma scanning survey results superimposed. The drainage path for surface water runoff in
Section 33 flows from the eastern mesa where a Mancos Shale outcrop exists, toward the west,
over alluvial materials, and eventually flowing past the temporary repository in the northwest
portion of the section. Mancos Shale is documented to contain slightly elevated levels of naturally
occurring radioactive material (NORM) including uranium and its decay products (DOE, 2011).
As shown on the figure, areas of slightly elevated readings (light blue icons) are located
downgradient of the Mancos Shale outcrop. The drainage path is contained within a black outline
on the figure, and the areas of slightly elevated readings (light blue icons) also fall within that area,
suggesting that the areas of slightly elevated readings are associated with surface water runoff that

has transported NORM from the Mancos Shale outcrops into the down-gradient areas.

Two surface soil samples, 33-28-31-1808 and 33-29-31-1808, were collected within the drainage
pathway in Section 33 in areas impacted by eroded soils from the Mancos Shale. Analytical results
for both samples were approximately 2.5 pCi/g for Ra-226. The 2.5 pCi/g is considered
representative of a NORM-impacted value that is approximately 1 pCi/g higher than the 1.5 pCi/g
results from the BTV in Section 33 (Section 1.4.2.1). Concentrations of uranium and its decay
products are documented to be in the range of 2.5 pCi/g in the Mancos Shale formation (DOE,
2011), which is consistent with the values in those samples. Therefore, the elevated readings in

Section 33 that are up-gradient of the mine area and stockpile material and are unlikely to be the
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result of mining activities within either section are considered to be caused by NORM eroded from

Mancos Shale outcrops on the top of the mesa in the eastern area of Section 33.

Four 1-minute gamma readings were made near the locations of the two NORM background soil
samples, with an average of 39,762 cpm. A revised NORM action level of 45,734 cpm or 3.9
pCi/g was established for the drainage area up-gradient of the section 33 mine (Section
2.2.1). Therefore, areas that show elevated gamma counts between 39,559 cpm and 45,733 cpm
in Section 33, shown in light blue on Figure 1-13, are attributed to NORM and will not be
addressed in this EE/CA per CERCLA regulations by which NORM is not to be remediated. No
areas in Section 33, other than within the fenced former mine area, were above the NORM action
level of 45,734 cpm.

In addition to the NORM materials encountered in Section 33, Section 32 has small areas of
elevated gamma readings exceeding the action level away from the expected mine-impacted areas
as illustrated in Figure 1-11. These elevated gamma reading locations were investigated and
determined to be surface outcrops related to mineralized zones in the Dakota sandstone, which are
also considered NORM and will not be addressed in this EE/CA per CERCLA regulations. It
should be noted that a revised NORM action level was not developed for Section 32.

1.4.2.3 Soil Sample Collection

The EPA Team collected surface soil samples in the Sections 32 and 33 Mines Site to verify that
radioactive contamination existed in areas of elevated gamma readings. Five surface grab soil
samples plus one duplicate sample and three surface composite soil samples were collected from
the Site and were analyzed via gamma spectroscopy. Three surface soil samples and one duplicate
were collected from the yards of residences in Section 32 (Figure 1-14). Two grab surface soil
samples were collected up-gradient from the mine in Section 33 (Figure 1-15). Three composite
surface soil samples were collected from waste piles located within the fenced mine footprint area
in Section 33 (Figure 1-15). The surface soil analytical results are summarized in Table 1-2.
Surface sample results were used in the human health and ecological risk assessments
(Section 1.5).

To determine vertical extent of contamination, subsurface soil samples were collected from

07 August 2018 through 27 September 2018. Subsurface soil samples were collected from areas
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that were indicated to be above the 3.0 pCi/g action level by the gamma survey and were
distributed throughout the surface-contaminated areas using the Visual Sample Plan (VSP)
program (Pacific Northwest National Laboratory, Version 7.7). The samples were collected at a
density of one sample for each 8 acres. The samples were collected by digging a 1-foot-deep hole

and collecting a sample from the bottom of the hole using a bucket auger.

Subsurface soil samples were collected from five locations with one duplicate in Section 32
(Figure 1-14) and were analyzed via gamma spectroscopy. Subsurface soil samples were collected
from four locations in the fenced mine footprint area of Section 33 (Figure 1-15); subsurface

sample locations did not include the waste piles within the fenced area.

The soil samples were dried, ground/pulverized as necessary, and sieved, then analyzed in EPA’s
field laboratory using gamma spectroscopy with an on-site Multi-Channel Analyzer (MCA) for
Ra-226. The MCA measured the gamma radiation emitted by Bismuth-214 (Bi-214) rather than
Ra-226, since Ra-226 does emit a strong gamma signal. Samples were held in a sealed Marinelli
jar for a minimum of 21 days to ensure that the Bi-214 and Ra-226 were in equilibrium before
being analyzed on the MCA. Seven of the samples (35% of total surface and subsurface samples
were sent to an off-site analytical laboratory as verification of the on-site MCA results. Sample
results ranged from 1.53 to 52.7 pCi/g. The subsurface soil analytical results are summarized in
Table 1-3. Subsurface sample results were used to determine an estimated removal volume after

an action level was developed for the Site (see Section 2.2.1).

Additionally, eight surface samples plus one duplicate sample were collected and submitted to
Hall Environmental Analysis Laboratory (Hall Laboratory) in Albuquerque, New Mexico, for
Total Analyte List (TAL) metals plus uranium analysis. The metals analytical results were used in
the human health and ecological risk assessments (Section 1.5) and are provided in Table 1-4. The
Hall Laboratory analytical data package is provided as Appendix F.

1.4.2.4 Conceptual Reclamation Plan

A conceptual reclamation plan based on current conditions and projected post-removal conditions
was developed for the remediation actions contemplated by this EE/CA. The final reclamation
plan will be developed for implementation after reviewing and updating as necessary the

conceptual reclamation plan with actual post-removal conditions. The conceptual reclamation plan
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is composed of two parts: (1) site-specific, natural regrading, modeling runs developed using
Carlson Natural Regrade with GeoFluv™ (a fluvial geomorphic landform design algorithm); and,

(2) the draft conceptual revegetation plan.

Conceptual Natural Reqgrading Plan

A conceptual site-specific natural regrading plan was developed using topographical data gathered
during the RSE and projected excavation values. The term “natural regrading” is defined as using
fluvial geomorphic landform design algorithms to develop site-specific reclamation plans that
return the topography of the site to a pre-disturbed (pre-mining) natural state. This method
subscribes to the theory that prior to disturbance by man, the natural contours of the Site were in
balance with the hydrology and resulted in a stable landform. The benefits of using the reclamation
plan developed through the Carlson Natural Regrade software would be to provide erosion-
resistant slopes and stream channels; efficiencies in the utilization of on-site materials for
contouring; placement of infrastructure to minimize environmental impact and increase efficiency;

and a decrease in long-term operation and maintenance costs.

Currently, surface water drainage from Section 33 flows through a series of unnamed ephemeral
streams and arroyos to an unnamed arroyo in the northwest corner of the section, near the former
location of the Section 33 Mine and the current location of the temporary repository. Surface water
then flows through the unnamed arroyo generally to the west into Section 32 for 0.5 mile, and then
turns south flowing into Casamero Draw approximately 2.7 miles southwest of the Site
(Figure 1-9).

The conceptual site-specific model produced by the Carlson Natural Regrade software indicates
that the most stable hydrology for the Site and surrounding areas would consist of multiple
channels from Section 33 converging into a single channel within Section 32 (Figure 1-16). The
channel morphology design (i.e., river pattern, longitudinal, and cross-section profiles) is related
to relatively small, but frequently recurring annual flood events. The channel is shaped to keep its
sediment load and stream flow in balance during these low-flow events and during extreme events.
The landforms depicted in the model output provide longitudinal slopes from ridgelines in a
convex-to-concave design to prevent straight gradients. The channel shown in Figure 1-16 is
applicable to Alternative 2 (Section 3-5). This procedure could also be used for Alternative 3

(Section 3-6), but the site-specific model would be developed around the materials capped in place.
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The final site-specific regrading plan will update the conceptual plan by calculating all the post-
excavation and restoration requirements and provide the constructors with a cut and fill plan that
best uses materials present on-site. The final grading plan will be exported to GPS-machine-
controlled heavy equipment to more accurately execute the plan.

Site Restoration

Based on the results of the site-specific conceptual natural resources evaluation (Appendix A) and
the associated soil and vegetation sample analytical results, NV5 provided recommendations to
minimize the impact to wildlife during cleanup. A conceptual revegetation plan will be prepared
prior to the commencement of cleanup activities. The assumed objectives considered in developing
the conceptual revegetation plan will be grazing capacity, improve suitability for wildlife use, and
develop a sustainable ecosystem. The conceptual revegetation plan will comply with the standards
of:

e NMED and NMEMNRD Joint Guidance for Cleanup and Reclamation of Existing
Uranium Mining Operations in New Mexico, March 2016 (Attachments 1 and 2).

e New Mexico State Land Office Reclamation Plan for State Mineral Lease
Rule 5 Template (7-14-15).

A conceptual revegetation plan details the proper times of the year for specific activities to
minimize the disturbance to wildlife and to maximize the potential for plants to become
established. The plan also specifies soil amendments and nutrients to prepare the soil for reseeding,
the use of specific seed mixes in each unit, mulching, and watering schedules.

1.5 HUMANHEALTH AND ECOLOGICAL STREAMLINED RISK EVALUATION

Streamlined risk evaluations (SRE) were performed to evaluate the potential impacts of Site-
derived contaminants on human health and the environment in the event that no cleanup action is
taken. Results of the human health and ecological risk assessments were used to determine whether
residual levels of contaminants in site media are protective of human health and the environment
and may be left in their current state, or if a cleanup action should be considered. Calculations and
methodology used in performing the human health and ecological SRE are described in
Appendix G.
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1.5.1 Screening to Identify Contaminants of Potential Concern

Analytical results of soil samples collected during the RSE at the Sections 32 and 33 Mines Site
(WESTON, 2019) served as input data for the human health and ecological SREs. These samples
were analyzed for radioisotopes via gamma spectroscopy, and some samples were also analyzed
for TAL metals. The metals analysis was performed to assess the actual or potential risk from sub-
economic or proto-ore, which was brought to surface during the mining operations but was not
sent to the mill for further processing. The analytical results used in the human health risk
evaluation are summarized in Appendix G, Tables G-1 and G-2. All of the metals sampling results
were screened against the EPA (EPA, 2019a) Regional Screening Levels (RSLs)

(https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables), the New Mexico

Environment Department (NMED, 2019) generic soil screening levels (SSLs) for residential land
use, and the local background concentrations to determine the contaminants of potential concern
(COPCs). Table G-2 summarizes the metals data screening process, showing contaminants that
were considered, the minimum and maximum concentrations detected, associated RSLs and
background concentrations. It either identifies each contaminant as a COPC or explains why it was
screened from consideration. Aluminum, cobalt, and manganese exceeded RSLs but did not
exceed background levels. While the maximum concentrations for arsenic (6.5 milligrams per
kilogram [mg/kg]) and iron (26,000 mg/kg) exceed their respective mean background
concentrations (5.9 and 20,898 mg/kg, respectively), they do not exceed two times their respective
means. Arsenic and iron are considered to be representative of background. Uranium had one
detected concentration (21 mg/kg) above the RSL and background and was evaluated further.
Uranium (as a metal) and the radioisotopes of the U-235 and U-238 decay chains were carried
through an SRE to determine if they should be identified as COCs to be addressed in a cleanup

action.

A separate screening procedure was performed in the ecological streamlined risk evaluation. The
results of the screening level ecological risk characterization are included in Appendix G, Table G-
4 for radionuclides and Table G-5 for metals. Literature-based ecological screening benchmark
values for direct contact and food-chain evaluations are used to characterize potential ecological

effects. The ecological streamlined risk evaluation is detailed in Section 1.5.3.
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1.5.2 Human Health Streamlined Risk Evaluation

The potential for adverse health effects on human receptors was assessed for radionuclides (i.e.,
Ra-226) and other non-radionuclide chemicals identified as COPCs in soil at the Sections 32 and
33 Mines Site (i.e., uranium). Cancer is the major effect of concern from radionuclides. The
potential excess lifetime cancer risk on human receptors from exposure to radium in soil was
assessed for the Sections 32 and 33 Mine Site. Noncancer effects were also assessed for uranium
as a metal. Radionuclides and other chemicals in the soil may be incidentally consumed by
livestock, wildlife and humans. Persons traversing the Site may be exposed to contaminated dust
by inhalation of particulate matter. Whole body (external) radiation may be experienced by nearby

residents and trespassers on or near the Site itself.

The Site is currently undeveloped; Section 32 is part of the Navajo Nation (Casamero Lake
Chapter) and Section 33 is privately owned. Currently, four occupied residences are located
approximately 2,000 feet west of the former mine surface expression. It is deemed likely that this
residential portion of the Site will continue and possibly expand in the future. The risk to a resident
from potential exposure to isotopes of the U-235 and U-238 decay chains and the noncancer effects
from uranium (as a metal) were evaluated at the Sections 32 and 33 Mines Site.

1.5.2.1 Human Health Streamlined Risk Evaluation Assumptions

Cancer risk estimates were calculated based on a residential land-use scenario for isotopes in the
U-235 and U-238 decay chains (calculated from measured Ra-226 concentrations in soil) and
noncancer risk estimates were calculated for uranium as a metal. The resident is assumed to be
exposed to radiological contaminants via the following pathways: incidental ingestion of soil,
external radiation from contaminants in soil, and inhalation of fugitive dust (EPA, 2019b). The
resident is assumed to be exposed to chemical contaminants via the following pathways: incidental
ingestion of soil, dermal contact with soil and dusts, and inhalation of dust (EPA, 2019a).
Residential use assumes substantial soil exposure (especially for children) and long-term exposure.
The residential receptor is assumed to spend most, if not all, of the day at home except for the
hours spent at work. It was assumed that due to the generally arid conditions of the site and
observations of current residential activity, no home-grown produce will be consumed and thus

contribute to radiation exposure. The risk from radon inhalation in an indoor atmosphere is outside
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the scope of this EE/CA,; it will be addressed using the methodology outlined in the report EPA
Assessment of Risks from Radon in Homes (EPA, 2003). Note that a radon inhalation pathway for
outdoor radon is not addressed (as opposed to indoor radon, which is) in EPA’s guidance on
conducting radiological risk assessments at CERCLA sites (EPA, 2014). An EPA review of radon
data collected at uranium mine and mill sites in the vicinity of the Site verified that clean-air
dilution of radon emissions from those sites rapidly reduces the airborne concentrations to
inconsequential levels (less than the EPA recommended limit for indoor concentrations of 4
picocuries per liter [pCi/l]) (Rio Algom Mining, 2016).

The risk characterization considered all isotopes of the U-235 and U-238 decay chains defined by
the EPA Preliminary Remediation Goal [PRG] Calculator for Radionuclides (EPA, 2019b). The
human health SRE identified Ra-226 as the most significant radiological human health COPC. Ra-
226 is typically selected as the radionuclide of interest at uranium mine sites for the following
reasons: (a) it is found to be a significant contributor of radiological risk to human health, (b) its
decay products give off strong gamma radiation that is easy and cost-effective to measure, (c) a
cleanup standard is provided in the State of New Mexico’s Joint Guidance for the Cleanup and
Reclamation of Existing Uranium Mining Operations in New Mexico (NMEMNRD et al, March
2016), and d) Ra-226 is the radionuclide for which historical cleanup limits have been specified.
Since soil samples were collected from two sections (i.e., Section 32 and Section 33), risk was
characterized by section. Additional human health risk assumptions and details about the SRE
process are presented in Appendix G.

1.5.2.2 Human Health Risk Estimates

Screening levels can be used to estimate the total risk from multiple contaminants at a site as part
of a screening procedure. The PRG Calculator was used to calculate residential radionuclide PRGs
for children and adults. Residential noncancer RSLs were developed for uranium based on a target
noncancer hazard quotient (HQ) of one. Applying the PRGs, the sum-of-ratios approach was used
to estimate human health risk by dividing the section-specific exposure point concentration (EPC)
by its exposure-route-specific PRG and multiplying this ratio by 10* (1E-04) to calculate a cancer
risk estimate. Individual cancer risk estimates are summed to represent a total cancer risk for each
section. For noncancer hazard estimates, the site-specific concentration is divided by its

noncancer-based screening level and the ratios are summed for multiple contaminants to represent
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a noncancer hazard index (HI). A HI of 1.0 or less is generally considered “safe.” A ratio greater
than 1.0 suggests further evaluation may be needed (EPA, 2019a). Applying maximum and
average (mean) Ra-226 concentrations, risk estimates were calculated to assess the range of
potential risk for a resident potentially exposed to radionuclides in soil. EPA manages risk to
achieve 10° to 10 overall excess cancer risks. The excess cancer risks and noncancer Hls
associated with soil sampling results from the 0 to 2 foot depth interval were considered to
represent the current risk to a resident living directly on the waste area should no removal actions
occur. As shown in Appendix G, Table G-1, the current total cancer risk for isotopes of the U-235
and U-238 decay chains for the Sections 32 and 33 Mines Site exceeds the 10 excess cancer risk
level in both Section 32 and Section 33. Section 32 total cancer risks in surface and subsurface
soils were 2E-04 and 3E-04, respectively. Section 33 total cancer risks in surface and subsurface
soils were 4E-03 and 4E-04, respectively. These results indicate the need for a response action to
control releases and prevent radionuclide exposure. Note that these risk estimates also include
contribution of background levels as calculated from the Ra-226 BTV of 1.5 pCi/g of Ra-226 (2.5
pCi/g of Ra-226 for Section 33 NORM) (Appendix G, Table G-1). It should be noted further that
the PRG Calculator default value for lifetime exposure for a residential land-use scenario used in
these calculations, is 26 years, including 6 years as a child and 20 years as an adult. The Navajo
Nation government, however, leases Navajo allotment lands to eligible Navajo for residential
purposes for 75 years. Substituting 75 years (6 years as a child and 69 years as an adult) for
lifetime residential exposure in the PRG Calculator would have the effect of increasing the total
cancer risks in surface and subsurface soil approximately three-fold, exhibiting an even greater

need for a response action to control releases and prevent radionuclide exposure.

As shown in Table G-3, the noncancer hazard index for the most conservative resident (child) was
1 (when rounded to one significant figure) based on the single uranium detection. Based on the
limited metals dataset, the potential for noncancer health effects from uranium is not expected to
be a concern because the non-cancer hazard index for uranium does not exceed unity. When
dealing with noncarcinogens, EPA guidance states that the noncancer averaging time (AT) is to be
set at the same length as the exposure duration (ED), essentially cancelling out the AT and ED
terms in the RSL equation. As a result, increasing lifetime exposure to 75 years, to accommodate
a Navajo-specific lifeway as described above, would yield the same non-cancer hazard index.

Regardless, it is anticipated that site actions to address radionuclide exposure by human receptors
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will be protective for exposure of human receptors to both radionuclides and non-radionuclide

chemicals due to the colocation of uranium and its decay-chain progeny (includes Ra-226).
1.5.3 Ecological Streamlined Risk Evaluation

The Sections 32 and 33 Mines Site is located in a remote area with the revegetated, previously
disturbed mine area potentially providing habitat for ecological receptors. Wildlife inhabiting the
Site may directly ingest radionuclides and chemicals, which may then be transported to organs or
other sites within the wildlife receptors. Radionuclides and chemicals in the soil may be absorbed
by plants consumed by wildlife. Radionuclides such as uranium and daughter progeny including
radium may be inhaled on dust particles, creating alpha-particle-emitting sources in the lungs of
wildlife receptors. A screening level ecological risk assessment or SLERA (i.e., Steps 1 and 2 of
the EPA’s 8-step ecological risk assessment process [EPA, 1997]) was performed as the ecological
SRE to assess potential risk to ecological receptors from both radionuclide and non-radionuclide
chemical contaminants. The results of the screening level ecological risk characterization are
included in Appendix G, Table G-4 for radionuclides and Table G-5 for metals. A refinement of
conservative screening level assumptions (i.e., Step 3a of the EPA’s 8-step ecological risk
assessment process [EPA, 2001]) was also performed to consider how the risk estimates would
change if more realistic assumptions were used. The results of the refined ecological risk
characterization are included in Appendix G, Table G-6. The process and conclusions are

described below.
1.5.3.1 Ecological Risk-Based Screening Values

Literature-based ecological screening benchmark values for direct contact and food-chain
evaluations are used to characterize potential ecological effects. The following sources were used
to identify proposed ecological screening benchmark values for radionuclides and non-

radionuclide chemicals:

e EPA Ecological Soil Screening Levels (Eco-SSLs) (EPA, 2019c)
e Los Alamos National Laboratory (LANL) ECORISK database, Release 4.1 (LANL, 2017).

e USEPA Region 4 Ecological Risk Assessment Supplemental Guidance (2018) — Soil
Screening Values for Hazardous Waste Sites
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https://www.epa.gov/sites/production/files/201803/documents/era regional supplemental
guidance report-march-2018 update.pdf).

e NMED (2017). Risk Assessment Guidance for Site Investigations and Remediation.
Volume II -Soil Screening Guidance for Ecological Risk Assessments. March 2017. Tier
1 ecological screening level (ESL).

e Sheppard, Steve C., Marsha I. Sheppard, Marie-Odile Galler and Barb Sanipelli. 2005.
Derivation of ecotoxicity thresholds for uranium, Journal of Environmental Radioactivity,
Volume 79 (1), pages 55-83).

The Eco-SSLs include values for plant, soil invertebrate, bird, and mammal exposure to metals
through direct contact and the food chain. The Eco-SSLs are based on no-effect toxicity values to
(1) ensure risks are not underestimated, and (2) provide a defensible conclusion that a negligible
ecological risk exists or that certain contaminants and exposure pathways can be eliminated from
consideration (EPA, 1997).

The LANL ECORISK database includes ESLs for avian, mammalian, earthworm, and plant
exposure models for radionuclides and non-radionuclide chemicals in soil. The LANL ECORISK
database provides both no-effect and low-effect ESLs. The no-effect ESL is protective of wildlife
populations and sensitive individuals because it represents an exposure that is not associated with
adverse impacts of low-level, long-term chemical effects (i.e., adverse effects on ability of
individuals to develop into viable organisms, search for mates, breed successfully, and produce
live and equally viable offspring). The low-effect ESL applies a lowest-observed adverse-effect
level-based toxicity reference value that is the lowest chronic effect level and is generally

considered to be protective of wildlife populations (LANL, 2017).

The NMED has developed Tier 1 ESLs protective of the plant community, deer mouse, horned
lark, kit fox (evaluated at sites greater than 267 acres), pronghorn (evaluated at sites greater than
342 acres), and red-tailed hawk (evaluated at sites greater than 177 acres). The key receptors
selected as the representative species represent the primary producers as well as the three levels
of consumers (primary, secondary, and tertiary) for the most common receptors found at
hazardous waste sites in New Mexico. For plants, the Tier 1 screening level is based on an effect
concentration for plant communities. For wildlife receptors, the Tier 1 screening level is based on
NOAEL-based toxicity reference values (NMED, 2017).

Tronox Section 32 and 33 Mines AAM 1-30 TDD No. 0001/17-045


https://www.epa.gov/sites/production/files/201803/documents/era_regional_supplemental_guidance_report-march-2018_update.pdf
https://www.epa.gov/sites/production/files/201803/documents/era_regional_supplemental_guidance_report-march-2018_update.pdf

Draft AAM for Tronox Settlement Navajo Area Uranium Mines, Sections 32 and 33 Mines Site, McKinley County, New Mexico

EPA Region 4 (EPA, 2018) has compiled soil screening values that are intended to protect plants,
soils, invertebrates, avian wildlife, or mammalian wildlife as reported from various sources. The
study by Sheppard et al (Sheppard et al. 2005) summarizes the literature available to set predicted
no-effect concentrations (PNECSs) for chemical toxicity of uranium to non-human biota.

1.5.3.2 Ecological Risk Estimates

Screening level risk characterization was performed using the HQ method to compare maximum
soil concentrations to Eco-SSLs and no-effect ESLs. An HQ of less than one indicates that the
concentration is unlikely to cause adverse ecological effects. An HQ greater than one indicates
that the potential for ecological risk is present and the risk assessment process should continue
(EPA, 2005). The screening process considered the isotopes of the U-235 and U-238 decay chains,
though ESLs were not available for all isotopes. The ecological SRE indicates potential for risk to
ecological receptors from Ra-226, aluminum, barium, selenium, and vanadium (Appendix G,
Table G-4 for radionuclides and Table G-5 for metals). Concentrations of aluminum, barium and
vanadium were below background levels (Appendix G, Table G-5); therefore, these three metals
were not considered to be chemicals of potential ecological concern (COPEC). The maximum
concentrations of Ra-226 exceeded receptor-specific ecological screening levels for soil
invertebrates and birds (Appendix G, Table G-4); maximum concentration of selenium exceeded
receptor-specific ecological screening levels for plants, soil invertebrates, birds and mammals
(Appendix G, Table G-5).

A SLERA uses conservative screening-level assumptions such as 100% site use, 100%
bioavailability, 100% diet consisting of the most contaminated dietary media, and no-effect
toxicity data to evaluate risk to populations of upper level organisms. Under more realistic site use
conditions, the potential risk to individual organisms would be reduced. The representative average
soil concentration and low-effect ecological screening values were used to refine these risk
estimates. The average surface soil concentration of Ra-226 exceeds the low effect ecological
screening levels for soil invertebrates (Appendix G, Table G-5). Selenium was detected in one of
eight samples at a concentration exceeding low-effect ecological screening levels for plants, avian

herbivores, insectivores and carnivores, and mammalian herbivores and insectivores.
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The location where the detected selenium was measured is co-located with locations of elevated
Ra-226; the sample was collected near the mine waste piles in Section 33. Selenium is a common
metal in association with uranium in the Grants Mineral Belt deposits (Brookins, 1982). As an
impurity, it may have been a waste metal in the uranium mine waste. ESLs for radionuclides are
higher (less stringent) than the proposed action level for protection of human health. Thus, it is
anticipated that site actions to address radionuclide exposure by human receptors will be protective

for exposure of ecological receptors to both radionuclides and non-radionuclide chemicals.

1.5.4 Evaluation of Grazing of Forage by Domesticated Animals and Wildlife

EPA collected eight vegetative metals uptake samples in order to determine the current vegetative
nutrient values and uptake of potentially hazardous constituents available to grazing animals
(domesticated animals and wildlife). Tissue samples were analyzed for nutrients (iron, zinc,
copper, and manganese) and for toxic metals (molybdenum, uranium, vanadium, and selenium).
Surface vegetation samples were collected from the eight vegetation transects identified during the
Natural Resources Evaluation (NV5, 2019a), which included three transects in the Great Basin
Desert Scrub community type (dominated by four-wing saltbush/kochia/gumweed/various weeds),
two transects in the Great Basin Desert Scrub community type (dominated by four-wing
saltbush/blue grama/galleta/western wheat grass), one transect in the Coniferous Woodland
community type (dominated by one-seed juniper/pinyon pine/Bigelow sage) and two transects

from the Arroyo Riparian community type (dominated by rabbitbrush/saltbush/galleta).

The results of the evaluation of the vegetative metals uptake samples are included in Appendix G,
Table G-7, and sample locations are illustrated on Figure 1-17. Tissue concentrations were
compared to maximum tolerable limits (MTLs) developed by the National Research Council’s
Committee on Minerals and Toxic Substances in Diets and Water for Animals (National Research
Council, 2005). The MTL is defined as “the dietary level that, when fed for a defined period of
time, will not impair animal health or performance.” Tissue concentrations are also compared to
concentrations of trace elements in mature leaf tissue that are considered sufficient or normal and
excessive or toxic (Kabata-Pendias and Pendias, 1992). With the exception of iron, nutrient (zinc,
copper, and manganese) concentrations are less than MTLs for animals and within or less than
sufficient/normal concentrations for plants (Appendix G, Table G-7). The iron concentration in

four of eight samples exceed the MTLs for all listed mammals except swine. Iron is an essential
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nutrient; iron toxicity is dependent on absorption (NRC, 2005). Tissue samples for selenium and
uranium (toxic metals) do not exceed thresholds. The vanadium concentrations do not exceed the
MTLs for animals, but two of eight tissue samples fall within the excessive/toxic level for plants.
Vanadium is commonly associated with uranium in the GMB deposits (Brookins, 1982);
concentrations measured in soil were less than regional background. The molybdenum
concentration in one of eight samples exceeds the MTL for rodents, horse, cattle, and sheep.
Molybdenum toxicity is often associated with inadequate available copper; cattle show overt
toxicosis when dietary molybdenum levels are at 100 mg/kg or higher regardless of dietary copper
or sulfur levels (NRC, 2005). No molybdenum concentrations in tissue exceed 100 mg/kg. The
molybdenum concentration in one tissue sample falls between the range of sufficient/normal

levels and excessive/toxic levels for plants.
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20 REMOVAL ACTION OBJECTIVES

The first step in developing removal alternatives is to establish RAOs. These objectives are
typically based on COPCs, ARARs, and the findings of the human health and ecological
streamlined risk evaluations. General response actions are then developed to describe measures
that will satisfy the RAOs. This includes estimating the areas or volumes to which the response

actions may be applied.

The main objective of this removal action is to mitigate the actual or potential risks to human
health and/or the environment posed by the excess radiological on-site contamination, and to the
extent feasible, reclaim the entire Site for the expected future land use for unrestricted residential.
Removal action alternatives will address mine wastes and surface and subsurface soils/debris that

were contaminated by mine wastes as part of mine operations.

As stated in Section 1.5.2, there are currently several residences located in Section 32, while
Section 33 is used for livestock grazing. It is reasonable to assume that both land uses will continue
in their respective geographic sections in the future. From a risk perspective, an assumption of
residential land use is more conservative (i.e., more protective of human health) than an
assumption of non-residential cattle ranching; consequently, a residential future land use is

assumed for the Site.

2.1 STATUTORY LIMIT

Pursuant to Section 104(c)(1), CERCLA places statutory limits of 2 million dollars and 12 months
on Fund-financed removal actions. The statutory limits do not apply to this action since the
selected action will be funded by proceeds of a settlement from an enforcement action and not by
the Fund.

2.2 REMOVAL ACTION SCOPE

The scope of the response action will be to address excess radiological contamination in surface
and subsurface soils/debris and is intended to be the final action for the soils at the Site. Options
to be analyzed include response actions that would allow unrestricted/uncontrolled residential use.
Characterization of the Site identified the primary environmental concern to be radiological

contamination.
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2.2.1 Action Level

In June 2014, EPA issued OSWER 9285.6-20, Radiation Risk Assessment at CERCLA Sites:

Q&A (EPA, 2014). According to this guidance, risks from radionuclide exposures at CERCLA
sites should be estimated in a manner analogous to that used for chemical contaminants. The
estimates of intake values for parameters associated with Site-specific routes of exposure estimated
for the land use should be coupled with the appropriate slope factors for each radionuclide and
exposure pathway. The guidance further recommends the use of EPA’s on-line PRG Calculator
for this assessment. When calculating radiological cleanup levels, the total incremental lifetime
cancer risk attributed to radiation exposure is estimated as the sum of the risks from all
radionuclides in all exposure pathways. Accordingly, the EPA used the PRG Calculator and
coordinated with the national radiation subject matter specialist in EPA’s Office of Superfund

Remediation and Technology Innovation to calculate a site-specific soil DCGL.

The DCGL is a term referenced in MARSSIM, a document prepared collaboratively by four
federal agencies having authority and control over radioactive materials: EPA, Nuclear Regulatory
Commission (NRC), Department of Energy (DOE), and Department of Defense (DOD). The
MARSSIM, published in 2000, provides a nationally consistent consensus approach to conducting
radiation surveys and investigations at potentially contaminated sites. In addition to planning,
conducting, and assessing radiological surveys of surface soils and building surfaces, the document
provides a decision-making process to determine if site conditions are in compliance with dose-
based or risk-based regulatory criteria. As defined by the MARSSIM, the DCGL is a radionuclide-
specific soil concentration determined through pathway modeling that would result in a risk equal
to the release criterion above background. EPA used a cancer morbidity risk of 1x10 as the release

criterion above, or exclusive of, background.

A Conceptual Site Model (CSM), provided as Table 2-1, was created to develop the DCGL. The
CSM outlines the primary source of contamination, the release mechanism, the receiving media,
the transport process, the exposure media and point, and the exposure route for the Navajo tribal
lifeway and the general public. As seen in Table 2-1, across all exposure points, four exposure
pathways were considered to develop the DCGL: (1) incidental ingestion of surface soil;
(2) inhalation of surface soil particulates; (3) external exposure to gamma radiation in soil; and (4)

ingestion of livestock meats. Two additional exposure pathways, contaminant migration to
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groundwater and indoor radon inhalation, do exist potentially at the Site, but are outside the scope
of this EE/CA. The risk of groundwater contamination will be addressed by the EPA Region 6
Remedial Branch as part of a San Mateo Creek Basin groundwater investigation and the risk of
indoor inhalation of radon will be addressed using the methodology outlined in the report EPA
Assessment of Risks from Radon in Homes (EPA, 2003). Proposed actions in this EE/CA (see
Section 3) are, however, consistent with and will contribute to any contemplated future remedial
actions regarding groundwater and radon through source control by greatly reducing or eliminating
the potential for contaminants to migrate from the surface/ subsurface to groundwater and indoor

atmospheres.

Given the above exposure pathways for residential land use, three land-use scenarios were
considered to develop the DCGL.: 75-year lifetime exposure including livestock meat ingestion,
75-year lifetime exposure excluding livestock meat ingestion, and 26-year lifetime exposure
excluding livestock meat ingestion. Table 2-2 displays the risks of the BTV, DCGL, and the
modeled action level (sum of the BTV and the DCGL) as compared to the action level in units of
risk (acceptable target risk) for the three scenarios. The maximum acceptable target risk of 3x10*
was established via communication with EPA’s national radiation expert in the Office of
Superfund Remediation and Technology Innovation (OSRTI). The PRG Calculator-produced

outputs for the three scenarios are provided in Appendix H.

With the exception of lifetime exposure duration, PRG Calculator default values were used for the
remaining exposure parameter values except for the particulate emission factor (PEF) that is used
to calculate the risk from the inhalation of soil particulates exposure pathway. In this instance, the
city of Albuguerque was chosen for the climatic zone parameter to determine the PEF. PRG
Calculator default values were derived by EPA to represent reasonable maximum exposure to
broad-based populations, typically 90 to 95 percentile values, which are well above the mean. PRG
Calculator input values for the three scenarios are provided as part of the PRG Calculator-produced

outputs in Appendix H.

The radiological COCs include the entire uranium-238 (U-238) decay chain up to, and including,
thallium-206 (TI-206), of which Ra-226 is a member, and the entire uranium-235 (U-235) decay
chain up to, and including, thallium-207 (TI-207). It is assumed the U-238 and U-235 decay chains
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exist in secular equilibrium and that the U-235 concentration is 2% of the total uranium (U-238,
U-235, and U-234) concentration (Argonne National Laboratory, 2007).

Table 2-2
Comparisons of Background, DCGL, and Action Level Risks to Target Risk
Tronox Navajo Area Uranium Mines, Sections 32 and 33 Mines Site
McKinley County, New Mexico

Background DCGL Action Level
3Modeled
BTV Action Level 2Action
UTL-95-95 2BTV 3DCGL (Bkgd UTL95-95 3Modeled Level
(pCi/g UTL95-95 (pCi/g 3DCGL + DCGL) Action Level | (Acceptable
1Scenario Ra-226) Risk Ra-226) Risk (pCi/g Ra-226) Risk Target Risk)

Residential -
75 Years
(Includes
Livestock
Meat) 1.54 6.5x104 0.155 1x10+4 1.7 7.5x104 3x104
Residential -
75 Years
(Excludes
Livestock
Meat) 1.54 3.6x104 0.431 1x10+4 2.0 4.6x10* 3x 104
Residential -
26 Years 1.54 1.3x104 3.0 2.3x10*
(Excludes
Livestock 2.5 (Section 4.0 (Section 33
Meat) 33 NORM) 1.9x10* 1.43 1x104 NORM area) 2.9x104 3x10*

Years represent lifetime exposure, including 6 years as child and the remainder as an adult.

2Red bold denotes Action Level (final column) is below background (3rd column) in units of risk.

3Blue denotes that under this scenario, since the ACTION LEVEL (final column) is less than background (3rd column), the
DCGL is non-applicable, but is presented here along with the modeled action level and their associated risks for
informational purposes.

75-year Lifetime Exposure Including Livestock Meat Ingestion

The PRG Calculator default value for lifetime residential exposure is 26 years, including 6 years
as a child and 20 years as an adult. The Navajo Nation government, however, leases Navajo
allotment lands to eligible Navajo for residential purposes for 75 years. Additionally, the PRG
Calculator residential land-use template excludes the ingestion of livestock meats as an exposure
pathway; however, it is included in the farmer land-use template. Thus, using the farmer land-use
template, substituting 75 years (6 years as a child and 69 years as an adult) for lifetime residential
exposure; including ingestion of livestock meats (beef), incidental ingestion of soil, and inhalation

of soil particulates; and excluding exposure to crops (due to the generally arid conditions of the
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Site and observations of current residential activity); the risk of the BTV equals 6.5x10* and
rounds to 7x10*, which is greater than the maximum target acceptable risk for the Site of 3x10.
Action levels are not established typically at concentrations below background levels (EPA, 2002).
Further, if the action level is established at the BTV, then human health risks would remain above

EPA’s target health goals after cleanup.

75-year Lifetime Exposure Excluding Livestock Meat Ingestion

Given that the risk of the BTV under the preceding scenario is greater than the acceptable Site risk,
the DCGL was then modeled using the 75-year lifetime exposure and the same exposure pathways,
minus livestock meat ingestion. Under this scenario, as seen in Table 2-2, the risk of the BTV
equals 3.6x10* and rounds to 4x10, which remains greater than the maximum target acceptable
risk for the Site of 3x10™*. Again, action levels are not established typically at concentrations
below background levels and, further, if the action level is established at the BTV, then human

health risks would remain above EPA’s target health goals after cleanup.

26-year Lifetime Exposure Excluding Livestock Meat Ingestion

Given that the risks of the BTV under the two preceding scenarios are greater than the acceptable
Site risk, the DCGL was then modeled using the same exposure pathways as the second scenario
above but with a 26-year lifetime residential exposure. As stated previously, a 26-year lifetime
exposure is the default lifetime exposure duration for the residential template used by the PRG
Calculator. Under this scenario, as seen in Table 2-2, the risk of the BTV equals 1.3x10* and
rounds to 1x10, which is less than the maximum target acceptable risk for the Site of 3x10™*. Note
that the higher background value of 2.5 pCi/g of Ra-226 applied in the NORM-affected area of
Section 33, as described in section 1.4.2.2, represents a risk of approximately 1.9x10** and is thus
also less than the maximum target acceptable risk. Therefore, this residential land-use scenario
was used to establish a modeled action level.

As presented in Table 2-2, the action level established for the Site for a residential land-use
scenario is 3.0 pCi/g for Ra-226, reflecting a PRG Calculator-derived DCGL of 1.43 pCi/g above
the Ra-226 BTV of 1.54 pCi/g (Appendix H). For the NORM-affected area of Section 33 with an
applied background value of 2.5 pCi/g of Ra-226, the action level equals 4.0 pCi/g for Ra-226.

Tronox Section 32 and 33 Mines AAM 2-5 TDD No. 0001/17-045



Draft AAM for Tronox Settlement Navajo Area Uranium Mines, Sections 32 and 33 Mines Site, McKinley County, New Mexico

Although the cumulative PRG Calculator DCGL result of 1.43 pCi/g represents the concentration
of each radioisotope in the U-238 decay chain, which together represent a cancer morbidity risk of
1 in 10,000 persons (commonly referred to as a 1x10 risk), the action level is established for Ra-
226 because, (a) Ra-226 was found to be a significant contributor of radiological risk to human
health (89% [Ra-226 plus short-lived daughter progeny through polonium-214]; see Appendix H
for calculation), (b) the U-238 decay chain is in equilibrium, with analysis of Ra-226 (or
specifically, its short-lived daughter radioisotope bismuth-214 [Bi-214]) which provides a cost
effective method to determine the equilibrium concentration due to Bi-214’s readily identifiable
gamma ray energy signature via gamma spectroscopy, (c) a cleanup standard is provided in the
State of New Mexico’s Joint Guidance for the Cleanup and Reclamation of Existing Uranium
Mining Operations in New Mexico (NMEMNRD et al, 2016), and (d) Ra-226 is the radionuclide
for which historical cleanup limits have been specified. Note that when addressing contamination
associated with Ra-226, contamination associated with the full U-238 and U-235 decay chains will

also be addressed, as they are co-located with Ra-226.

An action level of 3.0 pCi/g represents a cancer risk of 2.3x10%, inclusive of background
conditions. The action level of 4.0 pCi/g for the NORM-affected area of Section 33 represents a
cancer risk of 2.9x10*, inclusive of background conditions. These risk-based action levels are
proposed for the following reasons:

e They are within the risk range (10 to 10 overall excess cancer risks) cited in the National
Oil and Hazardous Substances Pollution Contingency Plan (NCP) (40 CFR 300.430(e)

(D).
e They are distinguishable from background and therefore measurable in the field.
e They are above the analytical detection limit.

e They meet the standard (5.0 pCi/g Ra-226, averaged over the first 15 centimeters of soil
below the surface, averaged over any area of 100 square meters) set forth in the State of
New Mexico’s Joint Guidance for the Cleanup and Reclamation of Existing Uranium
Mining Operations in New Mexico (NMEMNRD, March 2016).

Under a residential land-use scenario outlined above in the third scenario and at the low end of the
range within which EPA manages risk (1x10°), a PRG Calculator-derived DCGL for Ra-226
equals 0.01 pCi/g. This concentration is below the analytical detection limit of 0.1 pCi/g for Ra-
226.
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As surface soil contamination was measured during the RSE in part via gamma scanning, a
scanning-equivalent DCGL in cpm was calculated by the following analysis. Using Microshield®
gamma ray shielding and dose assessment software (Microshield version 6.02 [Grove, 2008]), the
exposure rate above an infinite plane of Ra-226 at 1.0 pCi/g was calculated to be 1.93 pR/hr. From
communication with the instrument manufacturer, the response factor for a 3-inch-by-3-inch Nal
detector exposed to Ra-226 is 2,150 cpm/uR/hr. Given a DCGL of 1.43 pCi/g, a 3-inch-by-3-inch
Nal gamma detector would have a reading of 5,946 cpm above background. Adding this value to
the BTV in cpm of 33,612 and the NORM-affected background level of 39,762 cpm, equivalent
action levels of 39,558 and 45,733 were calculated to correlate to the action levels of 3.0 and 4.0

pCi/g of Ra-226, respectively.
2.2.1.1 RESRAD Calculator

The OSWER 9285.6-20 guidance document states that although EPA recommends using the PRG
Calculator to model radionuclide risk to ensure consistency with CERCLA, the NCP and EPA’s
Superfund guidance for remedial sites, an alternative model may be used if justification is
developed (EPA, 2014). Justification should include the model runs using both the recommended
EPA PRG Calculator and the alternative model. Pursuant to this goal as an independent check of
PRG Calculator results, EPA reviewed several available modeling programs to determine an
appropriate alternative model. While none of the models reviewed provided a direct excess risk
value, all of the available models would calculate an excess dose value that could be converted to
a comparable excess risk value. EPA elected to also model excess radiological risk (converted
from excess dose) and calculated a soil action level for this Site using the RESRAD On-Site 7.2
software developed by Argonne National Laboratory. The RESRAD model is well established and
is generally viewed as the default model in the Health Physics community. PRG Calculator input
values, including default values, for all parameters across the four exposure pathways noted
previously as well as the U-238 and U-235 decay-chain contaminants of concern were replicated
in RESRAD to the maximum extent possible to comport with OSWER 9285.6-20 guidance. The
same four exposure pathways considered in the PRG Calculator, described in the preceding sub-
section, were duplicated in RESRAD.

The RESRAD model-derived DCGL of 1.2 pCi/g Ra-226, when added to the BTV of 1.5 pCi/g,
results in an action level of 2.7 pCi/g for Ra-226. The action level for the Section 33 NORM area
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equals 3.7 pCi/g of Ra-226. EPA determined that the action level derived by the PRG Calculator
was appropriate and valid for this Site since the PRG Calculator was designed by EPA for the
specific needs of the agency for the calculation of excess radiological risk. The RESRAD output
is provided in Appendix H for reference and comparison to the PRG output.

2.2.2 Principal Threat Waste Level

The EPA Guidance on Principal Threat and Low Level Threat Waste recommends treatment of
principal threat waste when practicable (EPA, 1991a). The guidance aligns with, and supports, the
NCP, promulgated on March 8, 1990, which states that EPA expects to use ‘treatment to address
the principal threats posed by a site, wherever practicable (40 CFR Section 300.430(a)(1)(iii)).
The expectation is derived from the mandates of CERCLA § 121 and the guidance was developed
to communicate the types of remedies that the EPA generally anticipates to find appropriate for
specific types of wastes. It reflects EPA’s belief that certain source materials are addressed best
through treatment because of technical limitations to the long-term reliability of containment

technologies or the serious consequences of exposure should a release occur.

The concept of principal threat waste and low-level threat waste as developed by EPA in the NCP
is to be applied on a site-specific basis when characterizing source material. Source material is
defined as that which includes or contains hazardous substances, pollutants, or contaminants that
act as a reservoir for migration of contamination to groundwater, to surface water or air, or acts as
a source for direct exposure. Examples of source materials include drummed wastes, contaminated
soil and debris, “pools” of dense non-aqueous phase liquids (NAPLs) submerged beneath
groundwater or in fractured bedrock, NAPLs floating on groundwater, and contaminated
sediments and sludges. Principal threat wastes are in turn those source materials considered to be
highly toxic or highly mobile that generally cannot be reliably contained or would present a
significant risk to human health or the environment should exposure occur. They include liquids
and other highly mobile materials (e.g., solvents) or materials having high concentrations of toxic
compounds. No “threshold level” of toxicity/risk has been established to equate to “principal
threat”; however, where toxicity and mobility of source material combine to pose a potential risk
of 102 or greater, generally, treatment alternatives should be evaluated. In summary,
determinations as to whether a source material is a principal or low-level threat waste should be

based on the inherent toxicity as well as consideration of the physical state of the material, the
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potential mobility of the wastes in the particular environmental setting, and the lability and

degradation products of the material.

These determinations serve as general guidelines and do not dictate the selection of a particular
remedial alternative. In fact, the preamble to the NCP (55 FR at 8703, March 8, 1990) states that
there may be situations where wastes identified as constituting a principal threat may be contained
rather than treated due to difficulties in treating the wastes. Specific situations that may limit the

use of treatment include:

e Treatment technologies are not technically feasible or are not available within a reasonable
time frame;

e The extraordinary volume of materials or complexity of the site make implementation of
treatment technologies impractical;

e Implementation of a treatment-based remedy would result in greater overall risk to human
health and the environment due to risks posed to workers or the surrounding community
during implementation; or

e Severe effects across environmental media resulting from implementation would occur.

Aside from the expectation that treatment would be used to address principal threat waste when
practicable, the selection of an appropriate waste management strategy is determined solely
through the remedy selection process outlined in the NCP (i.e., all remedy selection decisions are
site-specific and must be based on a comparative analysis of the alternatives using the nine criteria
in accordance with the NCP). Independent of the expectation, selected remedies must be
protective, ARAR-compliant, cost-effective, and use permanent solutions or treatment to the

maximum extent practicable.

For the Sections 32 and 33 Mines Site, Ra-226 is not characterized as a principal threat waste

based on the following analysis of RSE data and all the guidance document criteria.

e There exists an area of approximately 4 acres where the highest Ra-226 concentration
equals approximately 53 pCi/g, representing an excess cancer-incidence risk, inclusive of
background, of approximately 1x103, However, as discussed above, toxicity is not the sole
determining factor in defining a waste material as a principal threat waste. In particular,
mobility of the waste should be considered.

e There exists no highly toxic or highly mobile wastes at the Site. Specifically, there exists
no threat of contaminant migration to ground or surface water at the Site.
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e Contaminant mobility to air or direct exposure to the contaminant has been nullified
effectively and reliably through containment technologies at numerous DOE sites with
similar contaminants, specifically through repository cells with engineered caps.

e There is not a feasible treatment method for Ra-226 in soil (see Section 3.1).

For these reasons, based on the RSE data for the Site, EPA has determined that Ra-226 does not
meet the criteria established in the guidance document referenced above for a principal threat

waste on this Site.

2.3 SURFACE AREA AND VOLUME ESTIMATE OF CONTAMINATED MEDIA

The lateral and vertical extent of areas exceeding the action level were determined via gamma
scanning and soil sampling, respectively, then plotting the results geographically using ESRI’s
ArcGIS ArcMap version 10.3. The lateral and vertical extent of contamination that requires
corrective action is based on comparisons to the action level, (sums of 39,558 cpm and 45,734 cpm
[Section 33 NORM area][lateral extent] and 3.0 pCi/g and 4.0 pCi/g [Section 33 NORM area] of
Ra-226[vertical extent]). EPA employed the Inverse Distance Weighted (IDW) interpolation
method to demarcate the areal extent of vertical contamination above the action level, given the
nature of soil sampling providing less than 100 percent assessment coverage.

The total surface area exceeding the scanning-equivalent action level was established to be
949,483 square feet or 22 acres. As discussed in Section 1.4.2.2, the elevated readings east of the
mine in Section 33 are considered to be NORM and will not be addressed in this EE/CA. Based
on soil samples collected from the contaminated area (Section 1.4.2.3), the soil will need to be
excavated to a depth of 2 feet. Additionally, approximately 34,686 cubic yards (CY) of material
had been placed into a temporary stockpile during the 2014 removal action by EPA Region 9. The
total volume of soil exceeding the action level was determined to be 108,776 CY. The areal extent

of contamination and the associated removal-volumetric calculations are illustrated in Figure 2-1.
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Table 2-3
Removal Volume Estimates
Tronox Navajo Area Uranium Mines, Sections 32 and 33 Mines Site

McKinley County, New Mexico

Surface Area Volume

Zone Square | , .| Cubic

Feet Yards

2 ft. Depth 817,455 18.8 60,552
Stockpile Footprint 121,840 2.8 48,224
TOTAL 939,295 21.6 108,776

2.4 REMOVAL ACTION SCHEDULE
The NCP requires a public comment period of at least 30 days following release of the EE/CA
report by the EPA (40 CFR 300.415(n)(4)(iii)). The EPA will respond to significant comments

received during the public comment period and will publish an Action Memorandum following

the response to comments. The Action Memorandum will address the threat to public health and

the environment posed by the Site. The EPA will begin removal operations within 6 to 9 months

of the signed memorandum. The removal start date will be contingent on multiple factors including

weather, contract approval, and funding availability. The EPA will provide public notification of

the schedule for this process upon issuance of the Action Memorandum.
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3.0 REMOVAL ACTION ALTERNATIVES

EPA guidance for preparing EE/CAs suggests identifying and assessing a limited number of
alternatives appropriate for addressing the RAOs (EPA, 1993). Removal technologies applicable
to each alternative are identified and discussed with respect to their effectiveness and
implementability. Technologies that were initially considered but were screened as infeasible for
technical reasons are presented and discussed in Section 3.1 and a discussion of ARARS is
provided in Section 3.2. The applicable technologies are then assembled into removal alternatives
in Sections 3.4 through 3.8. Based on knowledge and experience with removal actions at similar
sites, the following three removal action alternatives were evaluated for the Sections 32 and 33
Mines Site:

Alternative 1: No Further Action

Alternative 2: Excavation and Off-Site Disposal of Contaminated Soils at a Licensed
Low-Level Radioactive Waste Facility

Alternative 3: Consolidation and Capping of Contaminated Soils in Place

The alternatives have been developed to mitigate potential threats posed by controlling human
exposure to wastes with concentrations of Ra-226 above the action level (Section 2.2.1). These
alternatives were also developed based on federal guidance as described in Section 3.2. Sections
4.0 and 5.0 evaluate the alternatives individually and comparatively using the criteria established
by the EPA. Figure 2-1 illustrates the excavation areas and presents the volumes of contaminated
soil that would be transferred off-site for Alternative 2 or capped in place for Alternative 3.
Appendix | Table 1-1 summarizes the alternatives, presenting the estimated costs and schedule for
each. Several other alternatives were considered but ruled out as not viable, as described below in
Section 3.1.

The conceptual design assumptions used for each alternative are discussed in the following
sections. As described in Section 2.3, the area and depth estimates used to calculate the removal
action volumes were determined through Arc-GIS analysis based on plotting on-site gamma
scanning and soil sampling data. As additional site data are obtained, it is anticipated that the

volume estimate would be refined. However, the EPA considers the volume estimates summarized
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in Figure 2-1 to be sufficiently accurate for the purposes of comparing costs and conceptual designs
in this EE/CA.

3.1 ALTERNATIVES SCREENED FROM CONSIDERATION
The process of identifying and evaluating alternatives to meet the RAOs began with an initial

screening of alternatives to determine if any were considered to be technically or administratively

infeasible. The following alternatives were screened from consideration during this prescreening

step:

Institutional Controls: Implementing security measures to prevent access to the Site was
considered as an alternative. Moderate access restrictions are currently in place through
barbed wire fencing. This alternative would involve restricting access to the area by use of
a more robust physical barrier, such as chain-link fencing, and providing a lockable gate.
Although the institutional controls alternative will be effective in reducing exposure to
human receptors by increasing distance to the most contaminated areas, it will not restrict
exposure of authorized personnel accessing the Site or some ecological receptors (such as
reptiles and avian species). It will also not reduce the mobility or volume of contaminated
material, where migration potential remains likely due to water and wind effects. Due to
these issues with effectiveness, this alternative was screened from further consideration.

Vegetative Extraction (Phytoremediation): Alternative treatment methods such as
phytoremediation (the use of plants to absorb radionuclides and other contaminants) were
considered but screened as infeasible for this Site. This alternative would require the
planting and irrigation of the full removal area, regular harvesting and disposal of
radioactive-contaminated plant material, and access restriction during the treatment period
to prevent human exposure to and animal consumption of the plants. It is difficult to predict
the effectiveness and timeframe of this option. Due to these implementability and
effectiveness issues, this alternative was screened from further consideration.

Soil Washing: Ex-situ soil washing, a process that uses physical and/or chemical
techniques to scrub metals from soil, was considered for this Site. The aqueous-based
system can consist solely of water or can be augmented with a basic leaching agent,
surfactant, pH adjustment, or chelating agent (Interstate Technology & Regulatory Council
[ITRC], 1997). The process takes advantage of the tendency of the metals to concentrate
in silt and clay (Federal Remediation Technologies Roundtable [FRTR], 2014) and
separates the fine soil (silt and clay) containing the majority of the COPCs from the coarse
soil (sand and gravel). The smaller volume of fine soil can then be disposed of either on-
site or off-site, and the clean, coarser soil can be used on-site for various purposes provided
it meets the cleanup criteria. There have been only six recorded applications in the United
States through 2011 (EPA, 2013). The reasons for this include the need for large volumes
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of water, introduction of chemicals into the wash water and possible additional treatment
steps to address hazardous levels remaining in the treated residuals, need for disposal or
treatment of the radium-enriched wash water, need for specialized equipment, difficulty of
containment of water during and after washing, and increased risk of worker exposure. Due
to these issues, this alternative was screened from further consideration.

e Soil Sorting: Soil sorting is an ex-situ process that separates soils based upon pre-
determined radioactivity levels. Soil passes under an array of radiation detectors that are
used to determine the radioactivity present. Those portions that exceed pre-determined
levels are identified and flagged for mechanical separation from the rest of the soil. Given
the relatively low-to-moderate range of radioactivity levels in contaminated soil at the Site,
as compared to most NRC, DOE, and DOD facilities; the lack of acceptable on-site
alternative uses or potential cost savings for differing disposal options for the variously
contaminated soils at the Site; the increased risk of worker safety from increased handling
of the contaminated soils; and strong potential for overall cost increases from additional
specialized equipment/increased maintenance or repair down time, this option appeared to
provide no significant benefit in either protectiveness or cost savings over more
conventional alternatives and was therefore screened from further consideration.

3.2 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
(ARARS)

This EE/CA was developed following the basic methodology outlined in 40 CFR §300.415 and
further discussed in the EE/CA Guidance (EPA, 1993). Section 121(d) of CERCLA requires that
response actions comply with state and federal ARARS unless a waiver is justified. ARARs are
used to assist in determining the appropriate extent of site cleanup, to scope and formulate removal
action alternatives, and to govern the implementation of a selected response action (EPA, 1988
and 1989). The following sections provide a definition of ARARs and describe the ARARs that
are specific to the Site.

3.2.1 Terms and Definitions

The NCP provides that response actions must attain ARARS to the extent practicable, considering
the exigencies of the situation (40 CFR 300.415(j)). As discussed in the EPA Guidance on the
Consideration of ARARs during Removal Actions (EPA, 1991b), NTCRAs will generally, where
practicable, allow for greater compliance with ARARs than time-critical removal actions
(TCRAS).
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In the course of conducting the EE/CA for the Sections 32 and 33 Mines Site, ARARs as well as

other “To Be Considered” (TBC) criteria were identified from policy or guidance documents that

may be pertinent to evaluating and implementing removal options. ARARs and TBC criteria are

defined as follows:

Applicable Requirements are cleanup standards, standards of control, and other substantive
requirements, criteria, or limitations promulgated under federal or state environmental laws
that specifically address a hazardous substance, pollutant, contaminant, remedial action,
location, or other circumstance found at a CERCLA site.

Relevant and Appropriate Requirements are cleanup standards, standards of control, and
other substantive requirements, criteria, or limitations promulgated under federal or state
environmental laws that, while not "applicable™ to a hazardous substance, pollutant, con-
taminant, remedial action, location, or other circumstance at a CERCLA site, address
problems or situations sufficiently similar to those encountered at the CERCLA site and
are well-suited to the particular site.

TBC Criteria consist of advisories, criteria, or guidance that were developed by EPA, other
federal agencies, or states that may be useful in developing CERCLA remedies and include
non-promulgated guidance or advisories that are not legally binding and that do not have
the status of potential ARARs. TBCs generally fall within three categories: health effects
information with a high degree of credibility, technical information on how to perform or
evaluate site investigations or response actions, and policy.

The EPA has divided ARARs into three categories: chemical-specific, location-specific, and
action-specific. The three categories are described below:

Chemical-Specific ARARs are usually health- or risk-based numerical values or
methodologies that, when applied to site-specific conditions, result in the establishment of
numerical values. These values establish the acceptable amount or concentration of a
chemical that may be found in, or discharged to, the ambient environment.

Location-Specific ARARs apply to the geographical or physical location of a site. These
requirements limit where and how the removal action can occur.

Action-Specific ARARs include performance, design, or other controls on the specific
activities to be performed as part of the removal action for a site.

ARARs and TBC criteria for the Sections 32 and 33 Mines Site, along with a brief description of

each, are provided in Tables 3-1, 3-2, and 3-3, respectively.
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3.2.2 Other Considerations and Assumptions

The following additional considerations and assumptions were made during the ARAR

identification process.
3.2.2.1 Occupational Safety and Health Administration

The Occupational Safety and Health Administration (OSHA) has promulgated standards for the
protection of workers who may be exposed to hazardous substances at Resource Conservation and
Recovery Act (RCRA) or CERCLA sites (29 CFR Parts 1910.120 and 1926.65). The EPA requires
compliance with OSHA standards in the NCP (40 CFR 300.150), but not through the ARAR
process. Therefore, OSHA standards are not considered ARARs. Since the requirements,
standards, and regulations of OSHA are not ARARs and cannot be waived, they will be complied

with during the removal action.
3.2.2.2 Uranium Mill Tailings Radiation Control Act

The UMTRCA programs are categorized under Title I and Title Il. Title | addresses specific
inactive uranium processing sites, and Title 1l addresses active sites that are required to have a
license from the NRC. Under UMTRCA, the EPA was directed to devise standards for both the
control and cleanup of excess radiation from uranium mill tailings. The mines located in the
Sections 32 and 33 Mines Site are not a listed site under Title | of UMTRCA, nor would the wastes
be classified under Title 1. However, UMTRCA requirements may be TBCs under certain

circumstances, as reflected in Table 3-1.
3.2.2.3 Multi-Agency Radiation Survey and Site Investigation Manual

The activities of this removal action shall be conducted in a manner consistent with the MARSSIM
(EPA, 2000b) specifications to facilitate implementation of a final status survey at the completion
of mitigation activities. The MARSSIM is guidance, not a promulgated standard, and thus is not
an ARAR, though it may be applied as TBC.

For the purposes of the final status survey, the DCGL referenced in the MARSSIM will be
equivalent to 1.43 pCi/g of Ra-226, a value equivalent to the PRG Calculator result (see section

2.2.1). The DCGL is a radionuclide-specific soil concentration that would result in a risk equal to

Tronox Section 32 and 33 Mines AAM 3-5 TDD No. 0001/17-045



Draft AAM for Tronox Settlement Navajo Area Uranium Mines, Sections 32 and 33 Mines Site, McKinley County, New Mexico

the release criterion (i.e., 1.43 pCi/g above background). If radioactivity is relatively evenly
distributed over a large area, MARSSIM considers the average concentration over the entire area
(termed DCGLw; meaning DCGL for a “wide area”). Thus, more specifically, the DCGLw will be
equivalent to 1.43 pCi/g of Ra-226.

Concentrations greater than the DCGLw are allowed provided that the average concentration over
the survey area is less than the DCGLw. The MARSSIM approach allows for calculation of a

higher DCGL, for small areas of concentrated radioactivity within the “wide area,” based upon

“area weighting factors.” This value is termed the DCGLemc (‘emc’ represents the elevated

measurement comparison). The DCGLemc is typically a multiple of the DCGLw and will differ

depending on the distance between sample points collected during the MARSSIM final status
survey (over-arching release criterion prescribed by MARSSIM) in each survey unit. This
approach accounts for the fact that the resident will receive a greater dose from a smaller area of

contaminated soil than from the more homogenously contaminated ‘wide area’, but because the

DCGLemc is not exceeded, the average dose to a receptor is still in compliance with the release
criterion, assuming the survey unit passes an appropriate statistical test. Calculations of DCGLemc
values will be calculated post-removal as part of final status surveys.

3.3 ENGINEERING AND LOGISTICAL CONCERNS APPLICABLE TO MOST
ALTERNATIVES

Alternatives 2 and 3 each require the following common components and activities:

e Plans and specifications

e Planning documents

e Cultural and biological resource surveys
e Mobilization and site setup

e Clearing and grubbing

e Site security and access controls

e Road and haul route improvements

e Road and haul route maintenance

e On-site traffic control
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e Air monitoring and dust control
e Stormwater management, erosion control, and maintenance
e Confirmation sampling

e Site reclamation

The costs for these common activities are included in the estimated cost for each alternative
(Appendix I).

3.3.1 Plans and Submittals

Prior to mobilization activities, work plans, construction plans, and technical specifications would
need to be prepared for Alternatives 2 and 3. Work plans, construction plans, and specifications
will consider information presented in the Natural Resources Evaluation Report (Appendix A) and
the Cultural Resources Survey Report (Appendix B), as well as recommendations or requirements
from the New Mexico SHPO, New Mexico SLO, or tribal consultation.

Required plans would include, at a minimum, a Removal Action Work Plan to include a Health
and Safety Plan, Environmental Protection Plan, Quality Assurance Project Plan, Field
Sampling/Monitoring Plan, Site Access and Security Plan, Traffic Control Plan, Stormwater
Management and Erosion Control Plan, Cultural Resource Protection Plan, Dust Control Plan,

Revegetation Plan, and Final Status Survey Plan.

The design process will also require an evaluation of the potential environmental footprint of the
project, prepared in accordance with the EPA guidance document Methodology for Understanding
and Reducing a Project’s Environmental Footprint (EPA 2012) and the ASTM International
Standard Guide for Greener Cleanups, E2983-16el (ASTM 2016).

3.3.2 Mobilization and Site Setup

A gamma activity survey in conjunction with soil sampling has been completed to delineate the
areas to be excavated. Temporary on-site facilities for project management and project controls
would be mobilized to the Site for the duration of the project. Temporary on-site facilities would
be constructed for decontamination of personnel and equipment (e.g., tools, salvageable

equipment, passenger vehicles, and heavy equipment). Aboveground electrical lines cross the site.
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A subsurface utility survey is necessary to identify and/or verify the location of buried utilities.
Areas scheduled for utility surveys would include excavation, borrow and transfer areas, heavy
equipment traversing paths, areas slated for drainage way improvements, and areas where material

may be stockpiled.

To prepare the Site for implementation of Alternatives 2 and 3, the ecological and cultural resource
surveys would be reviewed prior to mobilization. If necessary, additional surveys would be
performed by EPA-approved biologists or archeologists. Based on the information gathered in the
completed survey and for the purposes of this EE/CA, and consistent with other CERCLA actions
taken in this area, it is assumed that cultural resources can be avoided or protected during site work

activities.

As stated in Section 1.2.10, an Environmental Protection Plan will be developed prior to the
initiation of removal activities and will identify sensitive ecological habitats and species
documented during the survey. Removal activities may be scheduled to avoid certain critical

periods of the year such as nesting or breeding seasons.
3.3.3 Site Security and Access Control

Security would be maintained during all non-working hours while site work is occurring. The Site
Manager and the Health and Safety Officer would be responsible for personnel while they are on
the Site. To restrict access, the Site would remain completely fenced throughout the duration of
construction activities occurring using Alternatives 2 and 3, along with appropriate signage
designating potential hazards and contacts to obtain additional information. Temporary fencing
would be used whenever the permanent fence must be removed for construction access. Alternate
entrances that may be required for portions of the work would be secured when not in use. If work

activities are occurring at several locations, then security would need to be maintained at each.

The EPA and its authorized representatives, including its contractors, would have access to the
Site at all times. A Site Access and Security Plan would describe the activities used to monitor and
control access to the Site during implementation of the response actions using Alternatives 2 and

3 and the periods of work performance.
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3.3.4 Road and Haul Route Improvements

Currently, an unimproved network of roads is present that were considered for hauling and
transportation. Four optional routes were evaluated to determine the cost of road improvements
that would be incurred for Alternatives 2 and 3. Each option would include the appropriate
improvements (grading, surfacing, and surface water control) to sustain anticipated activities on

the Site including general vehicle access, waste hauling, and heavy equipment movement.

Access roads will be surfaced with appropriately sized gravel to control erosion and provide a
stable surface for heavy equipment. Roads would be maintained for the duration of the removal
action. Without surfacing, many of the site roads become unusable during precipitation events due
to the local soil composition. Additionally, new road culverts could be required at the larger arroyo

crossing locations.

Rail transportation is a potential future consideration for Alternative 2 (off-site disposal of the
contaminated soils at a licensed low-level radioactive waste facility); however, the cost estimates
in this report assumed truck transportation and disposal of the waste materials due to the lack of
current rail infrastructure. Table 3-4 is a summary of cost estimates used to evaluate the optional

transportation routes.
3.3.5 Road and Haul Route Maintenance

Alternatives 2 and 3 will require an extensive amount of haul traffic both on-site and off-site over
the removal action duration to achieve completion. During transportation of heavy equipment and
soil hauling, traffic controls are necessary. A traffic control plan will be developed and followed

throughout the removal action operations.

Off-road haul routes would be maintained so that dust, debris, or mud are not created, and so that
these items are not tracked onto paved surfaces. Earthen haul routes would be shaped or otherwise
improved so that they are free draining and would not easily erode. Signs and barriers would be

provided, if necessary, to contain traffic along the designated routes.
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3.3.6 Air Monitoring and Dust Control

As part of the Site Sampling and Analysis Plan, specific methods and procedures would be
included for air quality monitoring, collecting, analyzing, and evaluating air samples within and at
the perimeter of work zones as described for Alternatives 2 and 3. Prior to commencing dust-
generating activities in the contaminated excavation areas, perimeter work zone samples would be
collected to establish background alpha and beta activity concentrations in ambient air. The
background air samples would be used to establish the COPC activity concentrations that are
naturally occurring in the air and unrelated to the removal activities occurring at the Site. Perimeter
and work zone air monitoring stations would be positioned and operated to monitor emissions
during grubbing, excavation, stockpiling, loading of bulk-carriers, stockpile management, and Site

reclamation.

The Dust Control Plan, referenced in Section 3.3.1, will detail how air monitoring results and dust
suppression measures would be implemented to document that potential off-site migration of
contaminants at unacceptable radiological activity concentrations does not occur; to maintain
compliant air quality conditions and a safe working environment; and to protect the health of
workers, the general public, and the environment during removal operations using Alternatives 2
and 3. Dust controls would also be used to minimize fugitive dust generated from soil imported
from either on-site or off-site borrow sources. Perimeter air monitoring would be performed during
earthmoving activities associated with site reclamation. Frequent water or water/tackifier solution
spraying would be used during soil moving activities at the Site and during construction and waste
placement work at the repository, if selected. Appropriate stop work protocols will be incorporated
in the Dust Control Plan for seasonal high wind events when dust suppression using watering or a

water/tackifier solution is ineffective.

For costing purposes, it was assumed that water for dust control would be obtained and hauled

from Grants, New Mexico, and stored on-site in mobile water tank trailer towers.
3.3.7 Stormwater Management, Erosion Control, and Maintenance

As described above, the Site is located in an arid to semi-arid area of New Mexico. While
thunderstorms and significant moisture events are generally confined to the monsoon season,

significant snow events can occur, along with flash flooding events. Stormwater management and
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erosion control are of significant concern based on the size and the extent of the excavation
activities associated with Alternatives 2 and 3 of this removal action. As referenced in Section
3.3.1, a Stormwater Management and Erosion Control Plan will be prepared to address stormwater
management and erosion control procedures during the duration of the removal activities on this
Site.

Excavated areas would be graded and re-contoured to reduce overland and low-energy
concentrated flow rates and patterns as per the Carlson Natural Regrade conceptual model
discussed in Section 1.4.2.4. The natural regrading design integrates the post removal reclaimed
area topography and existing drainage patterns to facilitate the development of a stable land surface
for the development of a viable post removal ecosystem. All removal related activities at the Site
must be evaluated for potential impacts on federally-listed species and critical habitat for
certification to meet the substantive requirements of the Notice of Intent, under the National
Pollutant Discharge Elimination System (NPDES) Multi-Sector General Permit. Once the Site has
been stabilized, monitoring of construction stormwater runoff would cease and post removal site
controls would be initiated. The cost estimates include provisions for ongoing cover maintenance,

and fence inspection and repair at the final repository for Alternative 3.
3.3.8 Site Reclamation

Prior to initiation of reclamation activities, topographical and meteorological data for the Site
would be entered into the Carlson Natural Regrade modeling software to produce a conceptual
plan for reclamation. The plan would strive to return the topography of the Site to pre-mining
conditions, which would provide a stable land surface, reduced erosion effects, and a sustainable
ecosystem. The plan would also provide strategies for using on-site fill materials to reduce costs
associated with importing backfill. The outputs from the plan would be available for review by

stakeholders prior to commencement of activities.

Grading where excavation of mine or mine-related waste materials has occurred using Alternatives
2 and 3 would be performed to aid in erosion control (i.e., a slope of 4H:1V or flatter) where
erodible soils are present. Re-contouring of the Site would include filling excavations to restore
natural drainage conditions. On-site, clean backfill soil may be used for re-contouring the
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landscape. The material would be compacted and in-place soil density and moisture testing would

be performed to achieve the minimum design relative compaction.

Revegetation of excavated, contaminated areas would be completed to reduce erosion potential
while improving grazing suitability and wildlife habitat. Areas to be revegetated will require tilling
and soil amendments following re-contouring efforts. As mentioned in Section 1.2.10, revegetation
recommendations for the Site were provided in the Natural Resources Evaluation Report
(Appendix A).

Vegetation establishment would help to minimize erosion and increase the durability of the cover
of the repository. Vegetation should attempt to emulate the local ecological conditions including
structure, function, diversity, and dynamics of native plant communities in the area. Diverse
mixtures of native and naturalized plants would maximize water efficiency of water usage and
remain more resilient given variable and unpredictable changes in the environment resulting from
pathogen and pest outbreaks, disturbances (e.g., grazing, fire, etc.), and climatic fluctuations.
Therefore, the vegetation plan for the repository cover would include species that are sustainable,

once established, under typical climate and resource use patterns.

3.4 ALTERNATIVE 1: NO FURTHER ACTION
Under Alternative 1, no new treatment, containment, or removal action would occur at the Site.
The No Further Action Alternative has been included as a requirement in Section 300.430(e) of

the NCP and to provide a basis for the comparison of the remaining alternatives.
3.4.1 Site Work Activities

This alternative would include no new Site work activities. Impacted materials would be left in
place. The current site conditions such as slope, surface treatment, and aspect that have been graded
would not be modified. Since the current Site conditions do not provide a radon or gamma radiation
barrier, future site visitors may be exposed to radiation hazards. The potential for contact with
eroded radioactive material or exposure to fugitive dust may also occur due to the lack of

stabilization measures.
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3.4.2 Post-Excavation and Site Reclamation Activities

Since there would be no new work activities at the Site under this alternative, there would be no

Site reclamation.
3.4.3 Site Controls and Security

The public and livestock are currently restricted access to the Site by barbed wire fencing.
However, the fence can be easily damaged or bypassed, presenting a potential exposure to gamma

radiation, fugitive dust, and radon emissions for unauthorized personnel and livestock.
3.4.4 Stormwater and Erosion Control

No new stormwater or erosion control activities would be implemented under Alternative 1.
3.4.5 Operation and Maintenance Activities

The Site would require annual maintenance to provide the current level of protectiveness from the

existing fencing. Existing stormwater and erosion controls would be maintained as necessary.

3.5 ALTERNATIVE 2: EXCAVATION AND OFF-SITE DISPOSAL OF
CONTAMINATED SOILS AT A LICENSED LOW-LEVEL RADIOACTIVE
WASTE FACILITY

Alternative 2 assumes that contaminated soils with concentrations greater than the action level of
3.0 pCi/g Ra-226 (4.0 pCi/g Ra-226 for Section 33 NORM area) would be excavated and disposed

of off-site at a licensed disposal facility permitted to receive the waste.

The three following licensed disposal facilities within the western United States are authorized to
accept low-level radioactive waste and/or naturally occurring low-level radioactive soil with Ra-

226 concentrations ranging from 2 pCi/g to approximately 500 pCi/g:

e Clean Harbors, Deer Trail, Colorado (550 miles)
e U.S. Ecology, Beatty, Nevada (610 miles)
e U.S. Ecology, Grand View, Idaho (835 miles)

The Clean Harbors facility in Colorado was chosen as the basis of the estimate given its closest

proximity to the Site.

Tronox Section 32 and 33 Mines AAM 3-13 TDD No. 0001/17-045



Draft AAM for Tronox Settlement Navajo Area Uranium Mines, Sections 32 and 33 Mines Site, McKinley County, New Mexico

Disposal pricing from December 2019 (See Table 3-4) was used to develop the detailed cost
estimates included in Appendix I. The estimates assume a disposal fee of $75.00 per ton at the
Clean Harbors Landfill in Deer Trail, Colorado. Transportation costs were estimated separately

based on the expected fleet of trucks and transportation distance.
3.5.1 Off-Site Rule

Alternative 2 would require compliance with the Off-Site Rule of CERCLA. In general, the Off-
Site Rule requires that facilities that accept contaminated or hazardous wastes from a CERCLA
site must be in compliance with all applicable regulations and laws (i.e., they must be approved to
take those wastes and be in compliance with the applicable federal, state, and local requirements
to do so). A licensed disposal facility for Alternative 2 would have existing approval under the
Off-Site Rule.

3.5.2 Site Work Activities

The initial site removal work includes clearing and grubbing to remove vegetation and organic
debris. Stormwater controls would be implemented during these activities and continued
throughout the excavation and backfill process. Contaminated soil would be excavated by a
combination of heavy equipment including scrapers, bulldozers, graders, excavators, front-end
loaders, and haul trucks. Contaminated soil would be loaded onto haul trucks for transport directly

to the final disposal facility.

Transportation by rail or a combination of trucking and rail is an option, but was not considered
for the EE/CA since the disposal fee would be a much more significant portion of the total cost.
Material would need to be trucked from the Site to a rail line approximately 10 miles south of the
site in Prewitt, New Mexico, where a transfer station would need to be established. The material

could then be loaded to rail cars and shipped to the selected disposal facility.

Contaminated areas of the Site in Sections 32 and 33 (as shown in Figure 2-1) would be excavated.
The on-site excavation and trucking activities are estimated to take approximately 12 months with
two loading crews and forty (40) twenty-cubic-yard capacity highway rated haul trucks. Planning
and engineering documents are expected to take an additional 8 months before construction
mobilization, for a total removal time of 1 year and 8 months to completion.
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Waste loading and transportation would occur continuously throughout the course of the removal
action. Approximately 7,280 truckloads, assuming 40 trucks per day (20 cubic yards per load for
highway legal trucks) for 182 days, would be required to transport the waste material from the Site
to the disposal facility. Traffic controls would be in place in order to maintain safe driving

conditions due to equipment and vehicles entering and leaving the Site.

The largest equipment that can efficiently be used on the Site that would cause minimal damage
to the paved road would be considered. Under this alternative it was assumed that the majority of
traffic would use the improved existing site roads and paved highways rated for heavy trucks to

move the waste.
3.5.3 Post-Excavation and Site Reclamation Activities

Concurrent with the excavation activities, confirmation testing of the bottom and side soils in each
excavated area would be conducted to determine the remaining vertical and lateral extent of

contamination. Excavation would continue until the action level is met.

Excavated areas would be backfilled with imported or on-site clean soil and graded to restore the
existing grade and promote positive drainage. After the waste soil excavation has been backfilled,
the area would be reclaimed for livestock grazing and wildlife habitat. Soil amendments would
be placed over the backfill area and tilled to promote growth. Revegetation efforts would follow
the final Revegetation Plan developed during project planning and modified for final post removal
conditions. Progressive revegetation would occur for disturbed and reclaimed areas after

completion of removal activities in each removal unit.
3.5.4 Site Controls and Security

During the Alternative 2 removal and reclamation activities, Site access would be restricted by a
newly installed fence. Domestic livestock would not be allowed to enter the Site until reclaimed.
Once vegetation is re-established and the Site has stabilized, perimeter fencing may be removed.
Reclamation activities may take 5 years or more before adequate vegetation is re-established in

place and final stabilization is achieved.
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3.5.5 Stormwater and Erosion Control

Stormwater management and erosion control are of significant concern based on the size and the
extent of the excavation activities associated with Alternative 2. As referenced in Section 3.3.1
and 3.3.7 above, a Stormwater Management and Erosion Control Plan would be prepared to
address stormwater management and erosion control procedures during the duration of the removal
activities on this Site. Modeling using Carlson Natural Regrade would be conducted to develop a
reclamation plan that would return the Site to a sustainable topography with natural features to
reduce the risk of erosion.

Excavated areas would be graded and re-contoured to reduce overland and low-energy
concentrated flow rates and patterns as per the Carlson Natural Regrade conceptual model. The
natural regrading design integrates the post-removal reclaimed area topography and existing
drainage patterns to facilitate the development of a stable land surface for the development of a
viable post removal ecosystem. All removal related activities at the Site must be evaluated for
potential impacts on federally-listed species and critical habitat for certification to meet the
substantive requirements of the Notice of Intent, under the NPDES Multi-Sector General Permit.
Once the Site has been stabilized, monitoring of construction stormwater runoff would cease and

post removal site controls would be initiated.

Re-contouring of the Site would include filling excavations to restore natural drainage conditions.
On-site, clean backfill soil may be used for re-contouring the landscape. The material would be
compacted and in-place soil density and moisture testing would be performed a minimum of 85
percent relative compaction at optimum moisture content (determined by Standard Proctor —
ASTM D698) is achieved. Revegetation and reclamation activities described above would further

contribute to stormwater and erosion control once the removal action is complete.
3.5.6 Operation and Maintenance Activities

Operation and maintenance of the Site during the removal and reclamation activities would be the
responsibility of the EPA. After completion of reclamation activities, operations and maintenance
(O&M) would be arranged through the Tronox trust fund. The O&M activities would include

inspection and maintenance of stormwater and erosion control features for perpetuity. Monitoring
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and maintenance of revegetation efforts would occur for an estimated 12 years following

revegetation.

3.6 ALTERNATIVE 3: CONSOLIDATION AND CAPPING OF CONTAMINATED
SOILS IN PLACE

In Alternative 3, contaminated mine and mine-related wastes greater than the action level of
3.0 pCi/g Ra-226 (4.0 pCi/g Ra-226 for Section 33 NORM area) would be consolidated and capped
in place at the Site. The capped area would expand the footprint of the existing Section 32 stockpile
across the section line to include the footprint of the existing stockpile on Section 33; the final on-
site, capped area would be on both sections. Contaminated soil outside of the existing stockpiles
would be incorporated into the final cap footprint. The cap height would be designed to be as low
as possible and to appear as a natural feature, to the extent practicable. This alternative would
involve excavating clean material on-site or importing the material from another location for use
in constructing the cap. This alternative envisions a future land-use of residences on the Site,
including the capped area, which would require cap thickness(es) able to attenuate the radiological
risk emanating from all residential routes of exposure (i.e., direct external gamma, inhalation of
soil particulates, and incidental ingestion of soil). Varying surface and subsurface Ra-226
concentrations across the Site would require the development of statistical units for which varying
cap thicknesses would be calculated, based on an appropriate Ra-226 concentration (e.g. the
95UCL mean or the maximum single-point concentration) and subsequent risk modeling with the
PRG Calculator. Alternatively, an ‘over-design,’ one-size cap thickness can be considered for the
entire Site, calculated to attenuate the risk from a ranching scenario using the appropriate Ra-226
concentration of the most elevated statistical unit. For the purposes of comparing remedial
alternatives in this EE/CA, the latter cap-design approach was used and a radiation protection layer
(radon barrier) thickness of 30 centimeters (approximately 1 foot) was calculated to attenuate the
risk of a Ra-226 concentration of 52.7 pCi/g for a ranching scenario. Given the need for an
additional 18-inch infiltration layer and a 6-inch erosion control layer per New Mexico solid waste
regulations for landfills (Title 20, Chapter 9, New Mexico Administrative Code), used here as a
TBC, a final cap thickness of 3 feet was used. To cover nearly 6 acres with a 3-foot cover,

approximately 27,000 CY of cover material would be required.
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Several small isolated areas of contamination not contiguous with the larger cleanup area, as well
as any potential arroyos and drainage paths, would require excavation and placement of the
contaminated material within the area to be capped. A detailed study will have to be undertaken
to determine how removal of contaminated material within arroyos will affect drainage patterns in
the area. The effects of scour along arroyo bottoms and sidewalls will also have to be evaluated to
determine if additional fill material will need to be placed in areas of prior excavation to reestablish

a stable hydraulic system and reduce erosion potential.
3.6.1 Engineering Design

Alternative 3 uses an engineered cover (cap) as part of the remedial solution. The conceptual model
used for the consolidation and cap-in-place option included in the cost analysis for this alternative

is described below. The figures in Appendix K illustrate the conceptual 6-acre capping plan.

Several critical factors were considered in designing a cover. These design elements are discussed
briefly below and assumptions are made in order to prepare the cost analysis for the alternative.
These assumptions may change upon further investigation of the Site. Ultimately the containment

design would be based on comprehensive planning and site-specific risk analysis.

e Longevity of the Cover — The engineered cover would be designed to be effective for up
to 1,000 years to the extent reasonably achievable, but at a minimum for 200 years; this
lifespan is highly dependent upon continuing maintenance of the cover and would require
long-term monitoring. The net present value (NPV) for the long-term inspections and
maintenance of the cover for 100 years is included in the cost estimate.

e Protection from All Routes of Exposure for a Residential Scenario — The final cap
thickness for Alternative 3 would be determined based on risk modeling of a residential
scenario via the PRG Calculator and New Mexico solid waste regulations. Preliminary
calculations were performed for this report, which resulted in a cap layer thickness of 3
feet (Appendix K).

e Water Infiltration — The cover must protect the contaminated soils and reduce leachate
development by minimizing the infiltration of water from precipitation. The cover design
would incorporate drainage features and use evapotranspiration to limit water infiltration.

e Erosion Control — Cap shaping, sloping, and proper drainage patterns are also important
to ensure stability of the final consolidated material. The current area has had problems
with erosion of cover soils. For this reason, the cost estimates presented for this alternative
uses a maximum 20H:1V slope ratio and incorporate drainage features. Water diversion,

Tronox Section 32 and 33 Mines AAM 3-18 TDD No. 0001/17-045



Draft AAM for Tronox Settlement Navajo Area Uranium Mines, Sections 32 and 33 Mines Site, McKinley County, New Mexico

velocity breaks, rock intermixed with the surface layer, and placement of rip rap or other
protective lining in concentrated flow areas are expected to be the most effective surficial
erosion mitigation measures. The capped area is positioned at a sufficient distance from
any surface water features to be protective of surface waters. Similarly, information
obtained during the ecological and cultural resource surveys would be considered in the
design of the final capped footprint. In addition to studying the area being capped, the
borrow area where fill material will be taken for the cap would have to be designed to
control drainage patterns and erosion due to stormwater events.

e Cover Design — The cost estimate assumes a 24-inch evapotranspiration cover design atop
a 30-centimeter (or approximately 1-foot) thick radiological risk-attenuating cover. The
evapotranspiration cover is comprised of an 18-inch native soil infiltration layer or borrow
material and overlain by a 6-inch thick top soil layer composed of both rock and organic
material to promote revegetation and control erosion.

Although the final design may vary, the major cost factors—thickness of cover and source
of material—would likely not be significantly different from the cost estimate assumptions.
Final design parameters for the capped area would be determined by EPA in consultation
with the State of New Mexico and other key stakeholders, as necessary.

3.6.2 Site Work Activities

The initial Site removal and consolidation work includes clearing and grubbing and removal of
organic debris. Stormwater controls would be implemented during these activities and continued
throughout the excavation and site restoration process. Contaminated soil outside of the cap-in-
place footprint would be excavated by a combination of heavy mining equipment including
scrapers, bulldozers, graders, excavators, front-end loaders, and haul trucks. Contaminated soil

would be loaded onto haul trucks at the Site for transport directly to the consolidation area.

During the course of the removal action, it is estimated that approximately 6,664 truckloads
(assuming four 34 CY capacity off-road haul trucks working 49 days) would be required to
transport waste material from the excavation sites to the consolidated capped area. The largest
equipment that can reasonably be used on-site, with relatively quick travel times, and that would
cause minimal damage to access routes, should be considered to maximize efficiency. Under this
alternative, the majority of traffic would use the existing and upgraded section roads to move the
waste to the proposed capped area. The preferred route would be developed in consultation with

Navajo Nation and private landowners during the design phase.
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The duration for planning, design, and construction is expected to be 2 years. The on-site

excavation and trucking activities are estimated to take approximately 50 days.
3.6.3 Post-Excavation and Site Reclamation Activities

Site reclamation activities are consistent between Alternative 3 and those described for
Alternative 2 in Section 3.5.3.

3.6.4 Site Controls and Security

During the Alternative 3 removal and reclamation activities, Site access would be restricted by a
fence. Domestic livestock would not be allowed to enter the Site until reclaimed. Once vegetation
is re-established and the Site has stabilized, perimeter fencing may be removed. Reclamation
activities may take 5 years or more before adequate vegetation has been re-established and final

stabilization is achieved.
3.6.5 Stormwater and Erosion Control

As for Alternative 2, stormwater management and erosion control are of significant concern based
on the size and the extent of the excavation activities associated with Alternative 3. Controls for

Alternative 3 would be consistent with those previously described for Alternative 2 (Section 3.5.5).
3.6.6 Operation and Maintenance Activities

Operation and maintenance of the Site during the removal and reclamation activities would be the
responsibility of the EPA. After completion of reclamation activities, O&M would be arranged
through the Tronox trust fund. The O&M activities would include inspection and maintenance of
stormwater and erosion control features for perpetuity. Monitoring and maintenance of
revegetation efforts would occur for an estimated 12 years following revegetation. The
grades/slopes, cap condition, cap vegetation, erosion control measures, access roads, fencing, and
other site O&M would require more frequent inspections and a higher level of scrutiny than the
other reclaimed and revegetated areas of the Site. The cap would be inspected for differential
settling, erosional rilling and gullying, wildlife damage, unauthorized access, and revegetation

success. Repairs and maintenance would be completed accordingly.
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4.0 ANALYSIS OF ALTERNATIVES

The detailed analysis of alternatives is intended to provide the relevant information required to
select a preferred remedy. Each alternative was evaluated on the basis of effectiveness,
implementability, and cost, as set forth in the NCP and EPA guidance on conducting an EE/CA
for a removal action (EPA, 1993). A summary of the analyses of the individual alternatives is
included as Table 4-1.

41 ALTERNATIVE ANALYSIS APPROACH

4.1.1 Effectiveness

Effectiveness refers to the ability of an alternative to meet the RAOs. The following criteria are

used to evaluate effectiveness:

Overall Protection of Human Health and the Environment — This criterion provides a final

check to assess whether each alternative provides adequate protection of human health and the
environment. The assessment of overall protection draws on the evaluation of the other criteria,
especially long-term effectiveness and permanence, short-term effectiveness, and compliance with
ARARs.

Evaluation of the overall protectiveness of an alternative would focus on whether a specific
alternative achieves adequate protection and would describe how Site risks posed through each
pathway addressed by the EE/CA are eliminated, reduced, or controlled through treatment,
engineering, or institutional controls. This evaluation would allow for consideration of whether an

alternative poses any unacceptable short-term or cross-media impacts.

Long-Term Effectiveness and Permanence — This criterion evaluates results of the removal

action in terms of the risk remaining at the Site after response objectives have been met. The
primary focus of this evaluation would be the extent and effectiveness of the controls that may be
required to manage the risk posed by treatment residuals and/or untreated wastes remaining at the
Site.
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Short-Term Effectiveness — This criterion evaluates the effects that the alternative would have

on human health and the environment during its construction and implementation phase. It
includes both radiation exposure risks to the contaminated soils and risks to the workers and
communities from construction work and traffic during implementation and the time necessary to

complete the action.

Compliance with ARARs — This criterion is used to determine whether each alternative would

meet the identified ARARs. The detailed analyses would summarize which requirements are
applicable or relevant and appropriate to an alternative and would describe how the alternative

meets these requirements.
4.1.2 Implementability

This criterion evaluates the technical and administrative feasibility of implementing an alternative
and the availability of various services and materials required to construct and provide O&M. The

following criteria are used to evaluate implementability:

e Technical feasibility
e Administrative feasibility

e Availability of services and materials

Also considered is the reliability of the technology, the ability to monitor the effectiveness of the
remedy, and the ease of undertaking additional remedial actions, if necessary.

41.3 Cost

Cost estimates were prepared for Alternatives 2 and 3 to compare the alternatives and support
remedy selection. The types of costs that were assessed in accordance with 40 CFR 300.430
(€)(9)(iii)(G) include the following: (1) capital costs, including both direct and indirect costs; (2)
annual operation and maintenance costs; and (3) NPV of capital and O&M costs. Capital costs
were included as 2020 dollars. In accordance with EPA guidance, the cost estimates were prepared

to provide a level of accuracy in the range of 50% greater to 30% lower than actual costs.

An NPV analysis relates costs that occur over different time periods to present costs by discounting
all future costs to the present value. This allows the cost of removal alternatives to be compared
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on the basis of a single figure that represents the capital required in 2020 dollars to construct,
operate, and maintain the removal alternative throughout its planned life. The NPV calculations
were based on a discount rate of 7% (EPA, 2000b), which represents the average rate of return on
private investment before taxes and after inflation. Cost estimate details are located in Appendix I.

The scope and costs presented for the various alternatives are based on the best available
information regarding current site conditions and readily available information on the applicability
and effectiveness of the selected removal actions. However, uncertainties and data gaps remain
because the site characterization was based on a limited number of samples, observations, and
analyses. In preparing the cost estimates, conservative assumptions have been used and an overall
contingency has been added to each alternative to account for these uncertainties. Changes in the
cost elements are likely as new information is available and Site conditions change during the
removal action design. Cost assumptions are included in Appendix I.

Actual costs may vary from these estimates depending on variations in actual Site conditions from
those estimated including inflation; actual fuel costs; actual insurance and bonding costs; the
availability and market costs of materials, equipment, and labor; contractor bid strategy; changes

in regulatory requirements; and other unforeseen factors.

CERCLA and the NCP require that every remedy selected must be cost-effective. A removal
alternative is cost-effective if its “costs are proportional to its overall effectiveness”
(40 CFR 300.430(f) (1) (ii) (D)). Overall effectiveness of a removal alternative is determined by
evaluating protectiveness, long-term effectiveness, and short-term effectiveness. Overall

effectiveness is then compared to cost to determine whether the remedy is cost-effective.

4.2 UNAVOIDABLE IMPACTS COMMON TO ALL ALTERNATIVES

Except for Alternative 1 (No Further Action), each of the removal action alternatives would result
in an overall improvement to the local environment. However, for Alternatives 2 and 3, it is

important to note that there would be some unavoidable impacts. These include:

e Short-term inconvenience to local populations using New Mexico Highway 19; general
disturbance from heavy equipment activity for the assumed construction periods; and
increased truck traffic in the area.
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e Disruption of cattle grazing and wildlife access to the removal action areas due to the
construction activities and for vegetation re-establishment.

e Long-term O&M activities are required for maintenance of the cover, stormwater diversion
measures, revegetation efforts, and fencing.

e Increased risks of traffic fatalities due to off-site trucking of waste material (Table 4-2).

e Increase in greenhouse gas emissions due to off-site and on-site trucking of waste material
and clean fill material (Table 4-2).

43 ALTERNATIVE 1: NO FURTHER ACTION

The No Further Action Alternative does not provide protection to human or environmental
exposure, nor is it considered a permanent remedy because it does not reduce the concentration,
volume, or mobility of the hazardous waste on the Site. The No Further Action Alternative has
been included as a requirement of the NCP and provides a basis for the comparison of the
remaining alternatives. No new activities would occur at the Site under this alternative; however,
implementation of Alternative 1, No Further Action, would require the following O&M steps to

maintain the existing level of protection:

= Erosion and stormwater control maintenance
= Fencing maintenance and repair

4.3.1 Effectiveness

This alternative would not minimize the potential exposure to, or transport of, contaminated soils
from the Sections 32 and 33 Mines Site. This alternative would not provide control through
treatment of soils with concentrations of Ra-226 above the action level or reduce volume or
mobility of contaminants, and thus would not reduce risks to human health or the environment.
The resultant risks associated with the No Further Action Alternative would be similar to those
that existed at the time of the RSE. Therefore, increased protection of human health and the

environment would not be achieved under this alternative.

Surface water discharge from the Site would have continued potential to transport contaminated
soils to the downstream watershed. Site workers and visitors would continue to be potentially
exposed to windborne and waterborne contaminants. The Site would continue to be unacceptable

for livestock grazing use.
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Other than routine stormwater pollution prevention plan maintenance, no controls or long-term
measures would be implemented to control contaminated soils at the Site under the No Further
Action Alternative; therefore, this alternative offers no long-term or short-term effectiveness in
reducing potential risks to human and ecological receptors.

The effectiveness of the No Further Action Alternative is considered low for achieving the removal

action goals.
4.3.2 Implementability

This alternative is easily implemented because there are no construction or permitting
considerations. EPA guidance requires that the reliability of the technology be considered along
with feasibility. Since the No Further Action Alternative is inherently an unreliable remedy, this

criterion is rated low.
4.3.3 Cost

The total net present value cost of Alternative 1 is estimated to be $262,000 (Appendix I, Table I-
1). There are no new direct or indirect capital costs, and annual costs are estimated to be
approximately $15,000 (first 12 years) per year. To determine whether the remedy is cost-
effective, the overall effectiveness is compared to cost. Because the overall effectiveness of

Alternative 1 is low, the cost-effectiveness of Alternative 1 is low.

44 ALTERNATIVE 2: EXCAVATION AND OFF-SITE DISPOSAL OF
CONTAMINATED SOILS AT A LICENSED LOW-LEVEL RADIOACTIVE
WASTE FACILITY

Implementation of Alternative 2, excavation and off-site disposal of contaminated soils at a
licensed low-level radioactive waste facility, would require the following steps:

e Excavation of all radiologically-contaminated wastes above the ALs (Figure 2-1).
e Off-site disposal of excavated contaminated soils.

e Site reclamation with erosion and stormwater controls, re-contouring and revegetation.
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441 Effectiveness

Alternative 2 would provide a high level of protection to human health and the environment. All
soil above the action level would be excavated within the Site boundary and removed for off-site
transportation and disposal at a licensed, low-level radioactive waste facility. This alternative
would significantly minimize potential exposure to contaminated soils from the Site. This
alternative would provide control of mobility and a reduction in risk to human health and the
environment at the Site. Potential exposures during excavation, transport, and at the final disposal
site would be managed through engineering controls.

The activities set forth for the removal action would provide compliance with location-specific
ARARs. A Cultural Resources Protection Plan would be developed for monitoring protocols
during work activities and would include a review and evaluation of potential impacts to historic
properties and locations. Natural resource (e.g., biological and botanical) surveys have been
conducted at the Site and information from these surveys would be included in the Environmental
Protection Plan. The plan would include a review and evaluation of potential impacts on

government-protected species and critical habitats

Federal and state ARARs would be met for the Site under Alternative 2. Action-specific ARARS
for this alternative include federal and state hazardous waste management regulations to the extent
applicable; federal and state standards for protection of workers, the public, and the environment
from low-level radioactivity; the New Mexico Administrative Code (NMAC) 20.2 for air quality
control regulations; and federal rules and regulations pertaining to the on-site accumulation of
wastes in stockpiles and the control of stormwater discharges during construction activities. The
U.S. Department of Transportation rules and regulations on manifesting and the on-site and off-
site transport of hazardous materials would also be action-specific ARARs for implementation of
Alternative 2. Federal requirements for hazardous waste disposal would be ARARs if the removal

action encounters wastes subject to these requirements.

Short-term effectiveness under Alternative 2 is medium because of the disturbance of the entire
waste area and the large amount of trucking to transport the entire amount of waste. The primary
considerations for short-term effectiveness are protection of the community and workers, and

protection against environmental impacts during and after implementation. Alternative 2 involves
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excavation, material transfer, stockpile development/management, loading of bulk carriers, and
site restoration activities. Heavy construction equipment would be used to clear and grub,
excavate, transfer, load, and grade impacted materials. Potential exposure and protection
procedures for workers engaged in these activities would be addressed in detail under a Site Health
and Safety Plan. During excavation and material handling activities, measures would be taken to
reduce fugitive dust emissions and associated impacts to workers. Water would be used for dust
control, and workers in the controlled area would don the appropriate safety equipment and
implement safety practices such as air monitoring. Work areas would be secured (e.g., marked or

fenced) to ensure access by authorized personnel only.

Bulk carriers hauling the removal action-derived contaminated wastes off-site would be covered,
secured, and weighed to document compliance with total and axle load limits. Truck traffic would
be coordinated under an Off-Site Transportation Plan for routes, times of operation, and on-site
traffic rules. Emergency spill containment and cleanup contingencies would also be included in
the Transportation Plan to address material spills. Due to the large number of truckloads
(approximately 7,300 loads of contaminated soil leaving the Site) and the long drive to the disposal
facility (up to 5 hours one-way), it is estimated that the time period of implementation of
Alternative 2 would be 1 year following 8 months of planning and permitting. This alternative also
has the highest amount of trucking and heavy equipment use in vehicle hours; therefore, it has the
highest potential for additional vehicular accidents, for increased wear and tear on infrastructure,
for the production of the highest amount of air pollution (from particulate matter in vehicle
exhaust), for the use of the greatest amount of fossil fuels. A risk of 0.13 additional fatalities and
14,573 metric tons of greenhouse gas emissions, calculated as a carbon dioxide equivalent (CO2e),

are estimated due to the increased truck traffic (see Table 4-2).

Long-term effectiveness of this alternative is high. Since all contaminated soils would be
excavated and removed from the Site, potential exposure reductions to those accessing the Site
would be permanent. Alternative 2 is expected to effectively mitigate the long-term effects on

potential on-site human and ecological receptors.

Tronox Section 32 and 33 Mines AAM 4-7 TDD No. 0001/17-045



Draft AAM for Tronox Settlement Navajo Area Uranium Mines, Sections 32 and 33 Mines Site, McKinley County, New Mexico

4.4.2 Implementability

Alternative 2 rates medium in technical and administrative implementability. Although it is
technically feasible and would use conventional techniques, materials, or labor for the excavation
and associated activities, and the extended schedule (approximately 1 year and 8 months) to
complete excavation and disposal reduces its implementability rating. The Site is readily
accessible. Excavation would be scheduled and performed to maximize direct loading and ensure
worker and public safety. Engineering controls for fugitive dust and site monitoring would be used
to control potential exposures to sensitive receptors. Profiling and manifesting of the material
would be done in coordination with the transporters and off-site disposal facility. Rail shipment is
a possibility; a trans-load facility to transfer material from trucks to railcars could be established
as close as 10 miles from the Site. The cost of setting up the facility, stationing an excavator with
a scaling bucket, maintaining a water supply for dust control, providing security at the Site, and

scheduling would need to be evaluated against the cost of trucking.

Alternative 2 would be administratively feasible since the shipping of waste is fairly common and
would only require scheduling and obtaining the necessary permits. All contaminated soil is
anticipated to be accepted by permitted facilities, although due to the large quantity of material to
be disposed off-site, it is possible that one facility may not ultimately be able to accept all of the

waste.

The excavation of contaminated material would be accomplished using a variety of conventional
equipment. Heavy construction equipment needed for this project such as scrapers, excavators,
dozers, loaders, and compactors and/or bulk carriers are commercially available. Working space
is available for establishing temporary construction office trailers. Electricity is already available
at the Site and portable sanitary services and refuse disposal are locally available. Construction
materials for the Site reclamation activities (localized drainage structures, erosion control,
re contouring, and seeding), and an off-site laboratory for sample analysis are commercially

available.

Trained and experienced labor is available for Site work activities. Special certifications and
training requirements are commercially available. Health and safety training to comply with

OSHA regulations, including radiation and hazardous material handling training, is available.
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On-site water would be required for construction purposes. It would be obtained from Grants or

another nearby community.
443 Cost

The total net present value cost of Alternative 2 is estimated to be $50,918,000 (Appendix I, Table
I-2). The overall effectiveness is compared to cost to determine whether the remedy is cost-
effective. The long-term effectiveness and permanence is high while the short-term effectiveness

is medium. Because the cost is very high, the cost-effectiveness of Alternative 2 is low.

45 ALTERNATIVE 3: CONSOLIDATION AND CAPPING OF CONTAMINATED
SOILS IN PLACE

Implementation of Alternative 3, consolidation and capping of contaminated soils in place,

would require the following steps:

e Design, siting, and construction of an aboveground cap.

e Excavation of all excess radiologically contaminated wastes outside of the capped
footprint and placement of that material in the capping area.

e Excavation and transportation of clean-soil cap material.
e Construction of an engineered, clean-soil cap over the contaminated area.

e Site reclamation with erosion and stormwater controls, re-contouring, and revegetation.
45.1 Effectiveness

Alternative 3 would provide a high level of protection of human health and the environment as all
contaminated soils would exist or be placed within a capped area designed to attenuate radiological
risk for residential land use. These activities would prevent direct contact between wastes, humans,
and the environment in the future. Long-term maintenance of the cover and stormwater

infrastructure would be necessary.

Federal and state ARARs would be met for the Site under Alternative 3. The capped area would
include a cover to fully contain and isolate contaminated soils. Stormwater controls would be
included in the design so that surface water would be diverted from the area. The cover is a physical

barrier that offers protection from water infiltration to the contaminated soils, protects groundwater
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resources, and also provides adequate shielding from ionizing radiation to protect human health

and the environment.

The activities set forth for the removal action would provide compliance with location-specific
ARARs. A Cultural Resources Protection Plan would be developed for monitoring protocols
during work activities and would include a review and evaluation of potential impacts to historic
properties and locations. Natural resource (e.g., biological and botanical) surveys have been
conducted at the Site and information from these surveys would be included in the Environmental
Protection Plan. The plan would include a review and evaluation of potential impacts on

government-protected species and critical habitats.

The removal action would provide compliance with action-specific ARARs. These include federal
and state hazardous waste management regulations, to the extent applicable; federal and state
standards for protection of workers, the public, and the environment from low-level radioactivity;
the NMAC 20.2 for air quality control regulations; and federal rules and regulations pertaining to
on-site accumulation of stockpiled wastes, protection and monitoring of groundwater, and the

control of stormwater discharges during construction activities, to the extent applicable.

Short-term effectiveness under Alternative 3 is high. The primary considerations in the rating for
short-term effectiveness are protection of the community and workers, and environmental impacts
during and after implementation. Alternative 3 involves excavation, material transfer, stockpile
development/management, loading of bulk carriers, and Site reclamation activities. Heavy
equipment would be used to clear and grub, excavate, transfer, load, and grade impacted materials.
Potential exposure and protection procedures for workers engaged in these activities would be
addressed in detail under a Site safety and health plan. During excavation and material handling
activities, measures would be taken to reduce fugitive dust emissions and associated impacts to
workers. Water would be available on-site for dust control, and workers in the controlled area
would don the appropriate safety equipment and implement safety practices such as air monitoring.
Work areas would be secured (e.g., marked or fenced) to control access by authorized personnel

only.

On-site truck traffic would be coordinated under the previously referenced Traffic Control Plan

for the Site. On-site truck accidental spill containment and cleanup procedures would be included
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in the aforementioned plan. Due to the volume of waste to be moved within the Site to the capped
area, it is estimated that the time period of implementation of Alternative 3 would be approximately
1 year following 6 months of securing land access agreements, permitting, and planning. A risk
of 0.00 additional fatalities and 192 metric tons of greenhouse gas (CO2e) emissions are estimated

due to the increased truck traffic (see Table 4-2).

The long-term effectiveness of Alternative 3 is medium because it is dependent on the future
maintenance activities at the capped area. If properly maintained, the cover and diversion
structures would minimize water infiltration and the cap would prohibit human or animal

disturbance to the contaminated soils.
4.5.2 Implementability

Alternative 3 rates high in regards to technical implementability. It is technically feasible and
would require conventional techniques, materials, and labor for the excavation and associated
activities since the Site is readily accessible. Excavation would be scheduled and performed to
maximize direct loading and ensure worker and public safety. Engineering controls for fugitive
dust and Site monitoring would be used to control potential exposure to human and environmental

receptors.

Alternative 3 is administratively feasible. The contaminated soils would be transported within the
Site boundary, which would include the capped area. Transportation permits would not be
necessary. Construction of an engineered cover would not require permitting because
contaminated soils are considered low-level radioactive materials and are not a RCRA hazardous
waste. In addition, permits are not required for on-site CERCLA actions. On-site CERCLA actions
must comply with the substantive requirements of any state or local permit, but not the

administrative requirements.

The excavation of contaminated material would be accomplished using a variety of conventional
equipment. Heavy equipment needed for this project such as scrapers, excavators, dozers, loaders,
and compactors and/or bulk carriers are commercially available. Working space is available for
establishing temporary construction office trailers. Electricity is already available at the Site and
portable sanitary services and refuse disposal are locally available. Construction materials for the

cover and Site restoration activities (re-contouring and seeding), and an off-site laboratory for
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sample analysis are commercially available. During non-construction periods, best management
practices would be employed in accordance with stormwater control plans to help secure the Site
during extreme storm events to protect human health and wildlife. On-site water would be required
for construction purposes. It would be obtained from Grants or another nearby community.

Trained and experienced labor is available for Site work activities. Special certifications and
training requirements are commercially available. Health and safety training to comply with

OSHA regulations, including radiation and hazardous material handling training, is available.
453 Cost

The total net present value cost of Alternative 3 is estimated to be $13,835,000 (Appendix I, Table
I-3). The overall effectiveness is compared to the cost to determine whether the remedy is cost-
effective. The long-term effectiveness is medium and the short-term effectiveness is high. The
cost-effectiveness of Alternative 3 is medium.
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5.0 COMPARATIVE ANALYSIS OF REMOVAL ACTION
ALTERNATIVES

This Section of the EE/CA provides a comparison of the three removal action alternatives and
options as described in Section 3 using the analyses presented in Section 4. Alternatives screened
from further consideration are not compared. In addition, and based on EPA guidance, there are
five core (key) elements in “greener cleanup activities” that should be considered throughout the
remedy selection process (EPA, 2016). These key elements include: minimizing total energy use
and increasing the percentage of renewable energy; minimizing air pollutants and greenhouse gas
emissions; minimizing water use and negative impacts on water resources; protecting ecosystem
services; and improving materials management and waste reduction efforts by reducing, reusing,
or recycling whenever feasible (EPA, 2012). This analysis compares the effects each removal
action alternative, described in Section 3, has on the five key “green” elements. Each of the five
elements was qualitatively scored for each alternative using a numerical ranking system 1 to 5,
with 1 being best and 5 being worst (i.e., low scores are greener cleanup alternatives). The
alternative’s Greener Cleanup Assessment Score was derived from the sum of the five scores for

that alternative. The results of this assessment are summarized in Appendix L.

5.1 EFFECTIVENESS

Alternative 1: No Further Action does not protect human health of ranchers or recreational visitors
(hunters) to the Site nor does it protect the environment. The effectiveness of this alternative is
low. Alternative 2: Excavation and Off-Site Disposal of Contaminated Soils at a Licensed Low-
Level Radioactive Waste Facility and Alternative 3: Consolidation and Capping of Contaminated
Soils in Place each protect human health of ranchers and hunters to the Site, and the environment,
and are individually rated high for this metric. The Site would be suitable for residential use under
Alternatives 2 and 3. Any chance for exposure would occur prior to and during removal activities.
Residential use may or may not be limited based on erosion and vegetation performance and cover

maintenance requirements.

Alternatives 2 and 3 comply with the ARARs and are equal under this criterion. Alternative 1
retains the greatest chance for contaminant mobility and would rank below the other alternatives.
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The short-term effectiveness is considered medium for Alternative 2 and high for Alternative 3.
Alternative 3 requires excavation and capping of the consolidated contaminated soil volume;
however, Alternative 2 requires a massive transportation effort to remove all contaminated soil
off-site. Alternatives 3 does not require off-site transport of the waste, but contaminated soil would
need to be transported to the capping area. Alternatives 2 and 3 would have a potential impact to
workers and on-site visitors during construction activities. The number of trucks required to
transport the contaminated soil to an off-site disposal facility for Alternative 2 would increase risk
of traffic accidents and increase the carbon footprint, whereas Alternative 3 would introduce a

much lower risk for traffic accidents and greenhouse gas emissions.

Under each of the action alternatives, engineering controls would prevent off-site impacts from
materials such as windborne dust. Alternative 1 has the lowest short-term and long-term
effectiveness, is not considered a permanent solution, and is ranked low. Alternative 2, ranked
high, provides better long-term effectiveness and permanence because the waste would be
managed in a location with waste from other sites and would be managed by a third party.
Alternative 3 is ranked medium for long-term effectiveness and permanence. Although waste
would be managed in a capped area, maintenance of the cover would be required.

5.2 IMPLEMENTABILITY

Implementation of Alternative 1, No Further Action, is ranked low because no action is taken.
Alternative 2 is technically feasible to implement and would use conventional techniques,
materials, and labor for the excavation and associated activities. However, Alternative 2 requires
a large amount of off-site trucking, and providing enough trucks each day to maintain production
levels may be difficult to schedule and obtain. Alternative 2 is ranked medium for
implementability.

Alternative 3 is easily implemented as it is technically feasible and would use conventional
construction techniques, materials, or labor for the excavation and associated activities. Alternative
3 is technically feasible but administratively would require a site-specific, unique compliance
standard, as the MARSSIM (EPA, 2000b) does not address subsurface soils. Alternative 3 is

ranked medium for implementability and Alternative 2 is ranked medium for implementability.
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All action alternatives require a large amount of water for dust control and revegetation efforts.
Water is available at Grants, New Mexico, and potentially closer to the project site. Additional

sources of water should be investigated during the planning phase.

5.3 COST EFFECTIVENESS

Alternative 1 only involves O&M costs to maintain existing fencing and is the least expensive
option, however it does not address risks posed by leaving contaminated material in its current
state. Alternative 2, removing the waste from the Site and disposing of it in a licensed low-level
radioactive waste facility, has the highest long-term effectiveness; however, because of the very
high cost associated with this alternative, it has a low cost-effectiveness rating compared to
Alternative 3. Alternatives 2 and 3 would allow unrestricted use of the Site. Alternative 3, which

involves on-site consolidation of wastes, is the most cost-effective.
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